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PREPACE. 



The greater portion of the following work, under the title of 
" Elementary and Practical Arithmetic," was published about 
two years ago, and has met with the most gratifying reception 
from eminent Teachers wherever it has become known .' 

In enlarging the work with a view to meet the wants of 
Schools in which a more extensive course of arithmetical Rtudy 
is pursued, the object has been to add whatever seemed wanting 
to a complete theoretical and practical treatise ; to present the 
supplemental principles and processes in the clearest light of 
which they are susceptible ; to furnish Exercises which shall be 
found well adapted to the expanding capacity of the Student — 
prove a means and a test of his intellectual development and 
discipline — and inure him to some of the more recondite, as well 
as to the more obvious applications of the science. 

But in the completeness aimed at, a regard has been enter- 
tained only for what appeared to be really useful. One or two 
subjects, therefore, of merely theoretical interest, may be found 
in some of the Higher Arithmetics, which have been omitted, or 
partially presented in this ; while others have been pursued to 
an unusual extent ; and two or three, of much theoretical and 
practical interest, have been introduced ; which, so far as is 
known to the author, hav.e not hitherto been treated in any work 
designed for educahonal purposes. 

To place in the hands of his fellow laborers the best instru- 
mental aid towards an able performance of their duty, in a 
department of their labors which is peculiarly liable to suffer 
from indolence or incompetency in Authors, as well as in ' 
Teachers, — has been the earnest endeavor of the writer, in the 
composition of every part of this work. 

To those who, in various, even the remotest parts of the 
country, have so strongly commended his former publication— 
who, with comparatively few exceptions, are personally un- 
known to him, the author will do himself the pleasure, on this 
occasion, to offer the expression of his grateful acknowledgments. 

Transylvania University, ) 
September 24th, 1851. | 



REMARKS 



OK THX KSniOD OV USINO THIS WOBK, ANP OONDUOmrO ZXAHQTATIORB 

IN ARITHMSna 

1. The AvALTsis of Contents may be used in the manner 
explained under that head. (See the next page.) 

2. The Student should he much exercised in elementary oral 
solutions^ as exemplified under various questions, for instance, 
the 11th on page 36. 

3. A very effectual method of Examination on the practical 
Exercises, and a very useful discipline to the learner, will be, 
for the Teacher to read to him a few of the more difficult ques- 
tions under each Rule, in sentences or parts of sentences, — the 
learner repeating, and setting down the numbers, and, with his 
book closed, working for, and announcing the Answer, 



ANALYSIS OF CONTENTS. 



Thii Analysb ia deiigned to be uied in ui onl ttmniiwiton, In Mrfoir. 
The Teacher will name the topic aa presented in thia table : the Leunar will 

respond according to his knowledge of the subject. 

For example ; the Teacher will say " Arithmetic ;" the Lesxner will 
respond " Arithmetic is the science of Numbers ; or, when practically 
applied, the ait of Calculation.** 

The figures following the topics, in a parenthesis ( ), refer to the succes- 
sive paragrapha of the work. 

CHAPTER I.— Paok 1. 

nUSLIMINAKT DEFINITIONS. — ENUMERATION. — ^NOTATIOIT. 

Science and Art (t)— The Rules of art. on what founded — Unity and Nnm* 
bera (3)— Quantity (3)— Wby numbers are quantities— Mathematics (4) — Moat 
general divisions of the science — Arithmetic, what — Ueometry, what—An 
abKtract number (5) — A concrete number (6) — Similar concrete numbers (7j— > 
Dissimilar concrett numbers (8). 

NUMERATION (9)— Paex 3. 

Numbers how named — Different orders of units (10) — A unit of the ftrti 
order— Units of the second order— Units of the third order-»Unit8 of the fiMrlh 
order— Scale of Numsration (ll)-rNumaration Table (12). 

NOTATION (13).^PAasS. 

What these figures are sometimes ealled— Sigmfieant figures«»Tena, HnaM 
dreds, fto., how denoted (14)— What the sereral figures from right to left denote 
—The simpU value of a figure (IS)— The loetU ▼aloe of a figure (lfiH»How th« 
loeal value inereases tovrards the lefti— Use of or eipber (17)— ▲ Role ia 
Arithmetic (18). 

Ru£B I. 7h numtfou er rtad a fow qf Figurm (19)* 
RuLl II. lib tor iff infiguru any gium Numbtr (99). 

Values of the Billion, Trillion, &e., in the TTeiie\i t^cvam o^ 'HviniKt^^ticv^QOi^ 
VeJuM of tho BiUiott, TriUjon, ftc In tli* Bag;UaU n»\ttA ot Hutewt%aL\Wk.. 



ym ANALYSIS OF CONTENTS. 

CHAPTER II.— Pack 9. 

ADDmONw—SUBTRACTION^— MULTIPLICATION.— -DIT18I0N. 

ADDITION (22). 

How the Sum found may bo regarded — Relation of the whole to its parts (23) 
—Sign of Addition (24) — Sum of suniUtr concrete numbers (25)'->Wheiher dit' 
fimiiar concrete numbers can be added together (96). 

Rt7LB III. To add two or mor$ numbers together (27). 

fcjT The leA hand figure in the amount of any column— These tens when car* 
ried to the next column on the leftr->£d^ct of thuscarrying one for every ten. j^ 

Principles on which the Rule depends (11 and 23)— How the operation may 
be verified (38). 

SUBTRACTION (29).^Pao]| 15. 

What the less number is called— The greater — Addition and Subtraction, how 
related to each other, (30) — What given and what to be found in each — Sign of 
Subtraction (31)-»~D.flVrence of similar concrete numbers (32)— Whether two 
rfitftmitar concrete numbers can be subtracted, the one from the other (33)- 
Gousiaut Difference of two numbers (34). 

RuLS IV. To subtract one number from another (35). 

(CPThe ten added to any upper figure — ^Effect of these additions— The severM 
figures in the remainder. ,X]Q 
How the operation may be verified (36). 

MULTIPLICATION {37).-P a o k 2 1 . 

What the number multiplied is called — the multiplying number — the two to* 
gether — Addition and Multiplication, how related to each other (38) — Constant 
Product of two numbers (39) — Sign of Multiplication (40)— Product of concrete 
nambcrs (41) — Whether a number can be taken concretely as a multiplier (42). 

RtTLB y. To mttltiply by a number not exceeding 12; or by such number with Qt 

annexed (43). 
07 The adding of the 1^ handjigure in- any product to the next product— > 
Bow a ten/old value is assigned to the product, for each omitted in the right of 
eilter fiietor. jQQ 
- Boer tht operation may be Tertfied (44). 

RtnjE VI. To multiply by any number exceeding 12, and eonteuning two or moro 

BiOKiriCAMT FioirBa(45). 

07 Why the first product figure is set under tens, or hundreds, ^., when 
t|ke multiplying figure is ten*, or hundreds, &c. j^ 
. t^rinciplQ.on which ih^ partial pr^uets are added tQgeUiftc (33). 

PIViaiON (48).~Pa*».31, 

• 

What the number to be divided it called— the dividing number— the number 

or part found by dmdin^— The quotient of a less nmriber divided by a greater 

mnd how deBOt9d.(47)— Snbtraetion and XHtision; bow related to each other (4S) 

-^Maltjpiicution, and Divuion, how related to each other (49>— Whfit given a|id 

«3b«/ to bo Anmdiiie^h-'Jie^roeQlti^ a auxoh^i (9ISV-*TbA 9^0^^ «• a pan 



ANALYSIS OF CONTENTS. IX 

ot the 1>ividend (51)-^Sig;n of Division {56) — Quotient when the dividend and 
di9\90T are simitar coitoreie nambers fo3)--rQuotient when the dividend and 
divisor are dissimilar eoncrele numbers (54) — i^maindpr in division (56>— The 
Remainder used to complete the Quotient (56)— Cbnstaal Quotient (57). 

Rule VII. To Dividt by a number not exceeding 12 ; or by such tiunU>ers mt^ Os ' 

annexed (58). 

[Cj'The fif^ires of the dividend first taken in dividing — ^The first quotient 
figure — i^ow its proper local value i« assigned to the quotient figure— The exeeu 
belonging to any place in the dividend — Principle on which 0^ may be omitted 
in the right of the divii*or if the same number of figures be omitted in the right 
of the dividend (57).^] 

How the operation may be verified (50). 

RtTLS VIII. To divide by any number exceeding \% and •^nntaining two or mora 

SIGNIFICANT FIGURES (GO). 

OCj" How ihis Rule differs from Rule VU.^fJl 
How the operation may be proved by Addition (Gl)— Sign of Aggregation (62) 
•—Two numbers found from their Sum and Difli^euce (63)^ 



CHAPTER III.— Pagk 47. 

OpMPOSITX NUMBERS. — PRIME FACTORS. — COMMON MEASURE.'— COMMON 

MULTIPLE. 

COMPOSITE NUMBERS (64). 

Decomposition of Numbers (65)— How a number is resolved in Division (66) 
—How any number whatever may be resolved— Sign of Equality (07) — Con- 
stant Product of several FacMors (68)- Division by the Canceling of Factors 
(69) — If tlie Product be divided by itself— How the cancellation of a number is 
denoted. 

RcLK IX. To multiply by means of Factoks (70). 

RuLH X. To diriite by means of Fact«»rs (71). 
O" A remniniUf after the first division— after the second division — A re- 
mainder after the first division X the first divisor, what it produces — A remain 
derof the first quotient X t!«e first divisor, what it produces — How these two 
remainders are to be used to find the true remainder..^^] 

PRIME FACTORS.— Paos 51. 

A prime number (72) — How every composite number may be resolved (73» 
RcLX XI. To resolve a composite number into its prime/actors (74). 

COMMON MEASURE— Page 53. 

One number a measure of another (75) — An «-«t number— an odd number — A 
common measure of two or more numbers (76) — ^The greatest common raeasnra 
of two Of mors nambers (77)— 'When two numbers are said to be prime to eatk 



X ANALYSIS OF CONTENTS. 

Rt»ufr XIL Zb Jind th$ common MXAtuBSB, iff two or mif mmibtn (78) 
The greatest common meawire of the divisor and dividond (TUy^Tht mim 
principle generalized for iwo or more numbers (80). 

RuLK XIII. To find the greatest common mtasure of two or more nunibtrs (SI). 

(Cf* Principle involved in this method of finding the greatest common maa^ 
■ure of two numbers (79)>--of three or more numbers (dD)..£]Q 

COMMON MULTIPLE.— Paob 57. 

One number a muUipie of another (82) — A common mtiUipk of two or mora 
numbers (83)— The least common multiple of two or more numbers (84). 

Rule XIV. To find the common MirLTTPLra qf two or mere numbers (85). 
RoLS XV. To find the least common mtUtiple of two or mare numbers (8S). 

D3r What of the divisors and numbers in4he lowest line— why their prodaet 
IS the least common multipie..£;Q 



CHAPTER IV.— Pack 63 

rHEUHINART DEFINITIONS AND PRINCIPLES. — ^REDUCTION OF FRACTIONS. 

FRACTIONS. 

A Fraction (87)— One half, one third, two thirds, three fourths, &c. — How a 
fraction is denoted (88)— What the upper number is called — the lower— What 
each number shows — A proper fraction (89) — An improper fraction (90). 

What every proper fraction expresses (91>— What every fraction, whether 
proppr or improper, is equal to (9*2)— Constant value of a fraction (93) — Princi- 
ples on which that truth depends (92 and 57). 

FRACTIONS IIX:DX7C£D TO TRSIR Z.0WK8T TERMS. — PAOX 65. 

Reduction in general, in what it consists (94) — A fraction reduced to lotoet 
terms (95) — A fraction reduced to its lowest terms (96)— Of the numerator and 
deuomiuaior when a fraction is in its lowest terms. « 

RuLS XVI. To reduce a fraction to its lowest tssms (97). 

Principle on which the Rule depends (93)~AdvBiitage of having a fraction 
in its lowest terms. 

FRACTIONS RXDVCXD TO A COmmON Diar01lfINAT0R.**-FAGX 67. 

When two or more fractions are said to have a common denominator (98)— 
How two or more fractions may be reduced, |pemally, to a common denomina 
lor (99)— Two or more fractions reduced to their least common denominator (100). 

Rt^LK XVII. To reduce two or more fractions to a common denominator (101). 

(QT Hew the two terms of each fraetioo are operated on, in finding ft.c0n»>- 
raon denominatop— Principle on which the Rale depends fB3). JQ] 
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AKALTSIS OF COKTENTS. tt 

How two frttetiona, kavin^ different denomlaatott, are moat readtlf compared 
with each other (102). 

nrrKOXRS XSD MIX£0 ITVMBKIIS reduces to IStPROPSa FftACTIONI. — 

PAGE 70. 

An integer, or integral number, (103) — A mixed number (104) — An integer 
under the form of an improper fracUon (iOo) — What a mixed number may be 
readily reduced to (106). 

RWM XVllI. To redue* an integer or a mixtd number, to an improptr 

fraction (l(V7). 

DtPROPlOl FBACnOXS BSDUCKO TO 1XTS6EBS OB MIXED NtTMBSRS.— Page (73;.. 

RuLV XIX. To reduce an improper fraetion to an integer^ or amisDei mm^bor ^069. 

When the fraction formed of the divisor and remainder, wiil be in it* lowett 
terms— on what principle (79). 



CHAPTER V^Paok 77. 

ADDITION, BUBTRACTION, UVLTIFUCATION, AND DIVISION 07 7AACTI0NI. 

ADDITION OF FRACTIONS (109). 

By what means the sum of two or more fractions is fbund-^How two or mofi 
fractions may be added, mentally (110). 

Rule XX. To add two or more/raetions together (1 11). 
How mixed numbers may be added. 

SUBTRACTION OF FRACTIONS (112).— Pao» 81. 

By what mean* the diflerence between two fraclions is found — How one 
'ractibn may be subtracted frotn another, mentally (113) — How a proper frae- 
tion may be subtracted from an integer (114). 

RcLK XXI. To subtract one fraction from another (115). 
How nuoied riumbers may be used in subtraction. 

MULTIPLICATION OF FR A CTIONS.— P ao ■ 85. 

MuUipijring by a fraetion, in what it consists (116)— Compound fractions (IIT) 
—Multiplying two or more fractions together, equivalent to what (118). 

RuLK XXil. Tb multiply a fraction by a fraction (1 19). 

How an inUger and a /rac/ion are multiplied together— How a mured witmjbm 
may be used in multiplication. 

(0*Two principles iuvolvr^l in the Rule for multiplyinf a fraction hf % 
fraction. .S^ 
Caustaut pvoducl of two fractions (1^). 



XU ANALYSIS OF CONTSNTS. 

DIVISION OF FRACTIONS.-PA&B 89. 

Dividing by a fraction, in what !t consists (131) — ^Tlie dividend as a produety 
and the divisor as one of ii» factors (122) — Reciprocal of a fraction (123)— Re- 
ciprocal of a mixed number— -Complex or Mixed Fractions (124)— A complex 
fraction, equal to what. 

Rule XXIII. To divide a fraction by a fraction (125.) 

How a freution is divided by an integer — How nn integer is divided by a 
fraetion — How a mixed number mny be used in division— How a mixed number 
may otherwise be divided by an integer. 

, \pr Reason for dividing numerator by numerator, and denominator by 
denominator — When the terms of the dividend cannot be divided by those of 
the divisor without a remainder ^] 

What part the quotient is of the dividend (120)— How compound and complex 
'Hustipos are prepared for addition, subtraction, &c. (127). 



CHAPTER VI^Page 97. 

DKCIHAL FRACTIONS. — ^DECIMAL OR FEDERAL MONET. 

A Decimal Fraction (125) — ^The simp!e term decimal— K vulgar fraction at 
distinguished from a decimal (120)— Notation of Decimals (130)— The ^rf< two 
figures on the right of the decimal point (131) — the first tAree— the first four^^A. 
eompUx or mixtd decimal (132) — What a vulgar fraction annexed to a decimal 
oenoteK— Whether it is lo be reckoned as in a separate place of decimals-^ 
Scale of decimals (133)— The system of numbering by tens, bow carried from 
units. 

KtJLK XXIV. To read a decimal fraction (134). 

How to prevent an ambiguity which might arise in the enunciation of deei* 
mals and mixed numbers 

Ciphers annexett to decimals {\^S) — ^Each between the decimal po:nt and tha 
first Hgnifictinl decimal figure (186). 

RuLB XXV. To denote tenths, hundredths, ^c, by decimal fractions (137). 

FEDERAL MONEY (13S).— Page 101. 

The units of Federal Money — Table of Federal Money — The only denpmlna* 
tions in common tise (139)— eagles, how expressed — dimes— cents — smaller 
values. 

RvLS XXVI. For the deeimeU expression of federal money il40). 

The first figure after the point in a decimal of a dollar (141)— >the second— the 
first two together— the third — the fourth. 

RoLK XXVII. To reduce a decimal to n rulgar fraeUon (142). 
Rule XXVIII. Tb reduce a vulgar fraction to a decimal (143). 
R7'Priuciple on which the numerator mny be divided by the denominator 
(92)— Each annexed to the numerator — Each decimal figure made \\\ the quo- 
tients-Effect of thus multiplying and dividing by the same number, jm 

A tomplex reduced to a simph decimal (144)>— Approximate decimals (145)^ 
n* juunbar of l^guret to whieh an ^pfojtimats daeimal mad ba earritd 



ANALYSIS OF CONTENTS. XIH 

ADDITION, 8DJITRACTI0N, HULTIPLICATIOM, AND DIVISION OF DKCIMALB AND 

FEDERAL MONEY. — PAGE 105. 

The olyectsof Addition, &c. (116)— Addition, &c.. of Federa Money (147) — 
Why the methods of addiug, subtracting, &c., are the same for decimals and 
integers (Ub). . 

Rule XXIX. For the addition of decimals (149). 
Re LR XXX. For the mibtraetion r/ decimals ( i 50). 
When the minuend has no decimal Jigures, or not so many as the subtrahend 

Rule XXXI. For the muhiplieation of decimals (151). 
Integral 0? in the right of tlie multiplier. 

D^ Why the product of two decimal fractions must contain jnst as many 
decimal figures as both the factors, jni 

Rule XXXII. For the ditisien of decimals (152). 
When the divisor has more decimal figures than the dividend, or is greater 
than the dividend (regarding both as integers) — Ciphers annexed to the remain^ 
der— Integral Os ih the right of the divisor. 

^ GQ^ Why the dividend must contain just as many decimal places as both the 
divisor and quotient — ^Vhy the number of decimal places in the dividend can- 
not be taken less than the number in the divisors-Why the Os are prefixtd, in 
supplying deficiencies in the quotient- ,fn 

Thtt quotient of a less integer divided by a greater, how represented floS)-- 
If the less integer be then divided by the greater, decimally. 



CHAPTER VII.— Page 123. 

TABLES OF IfONEY, WEIGHTS, AND MEASURES. REDUCTION OF MONOHIAL9| 

POLYNOMIALS, AND CURRENCIES. 

Measuring Units (154)— Differeni Orders of measuring units (155)— Measuring 
units in Federal Money, — their scale of increase (I5fi) — Measuring units in other 
Kinds of quantity — English or sterling Money (157) — ^Troy Weight (15?) — Avoir- 
dupois Weight (159) — Apothecaries Weight (160) — Dry Measure (Kil)— Beer 
Measure (162) — Wine Measure (163)— Linear or Long Measure (164) — Cloth 
Measure (165)— Square Measure (18(»)— Cubic or Solid Measure (167)— Cireulai 
Measure (166)— Measure of Timt*. (169) — Names of the mouths — Number of 
days in each month — ^The solar year (170) — how much longer than the common 
civil year — How this error in the account of time is corrected — Rule adopted 
to preserve the civil in agreenlent with the solar years. 

REDUCTION OF MONOMIALS AND POLYNOMIALS 

Pass 120. 

^ monomial quantity (171)— A polynomial quantity (172)'«T«rm« of a polyoo* 
aiai«»WhBt moaomjais and polynoroiats have usnaHy been caltod. 



XIV. ANALYSIS OF CONTENTS. 

Rout XXXIII. To redue€ a quantity to a lowbb DBNOMXNAxroN (174;. 

What each lower term in a Polynomial must be added to, in reducing to a lowei 
denomination — Integers in the successive products, in reducing a THonomial 
fraction \o a lower denomination. 

Reduction Ascending (175). 
Rule XXXIV. To reduce a quantity to a higheb denomination (17C). 

What each higher term in a Polynomial must be added to, in reducing to a 
higher denomination — Remainders which occur) in reducing a monomial integer 
"to a higher denomination. 

Another method of Reducing a Polynomial to a Fraction of a higher denomi- 
nation (177). 

A polynomial reduced to the Denomination ofeither of its terms (178) — Cubic 
Measure reduced to Gallons. Bushels, &c. (179). 

The«oin or specie of a country (ISO)— The gold coins of the United State»*- 
ihe silver — the copper — The coins of one country as money in other countries 
(181)— The Currency of a country (13,')— The fineness of gold, how expressed 
(183)— Standard Purity and Weight of United Stales' coins (184)— Alloy of the 
gold coins^-of the silver coins — the copper coins — Weight of the eagle— of the 
dollar — of the cent — Use of the alloy in the gold and silver coins. 

The Federal currency of the United States, when established (185)— Currency, 
of the Stales at that time — States in which $ls=65., 8.f. 7^5., 4f *. — States in 
which I s. ss L6| <rt5.., t2jt ets., 13} cb., 21 lets.- How the shilling is valued in th« 
new Slates. 

The English pound sterling (186)— Its intrinsie value — Its marketable ralue. 

Ri7T.E XXXV. (1) To reduce Federal to English Money ; (*2> To reduce English 
k) Federal Money (187). 



CHAPTER VIII.— Page 141. 

ADDITION, SUBTRACTION, ETC., of MONOMIALS AND POLYNOMIALS. — DUO- 
DECIMALS. 

Whether any dissimilar Monomials may be added or subtracted (188). 

Rule XXXVI. To add or subtract dissimilar 'Mokoxials in the same kind 

qf measure (189). 

.n Multiplication, how the multiplier is to be considered (190) — in Division, 
when the answer required is the number of times the dividend contains the 
divisor^ or ihe part the dividend is of the divisor (191). 

ADDITION, &C., OF POL YNOMI A LS.— Page 143. 

How Polynomials in the same kind of measure, might be added, &c. (192)'- 
When Polynomials are added, &c., under the Polynomial form, what the oper- 
ations are usually called. 

Rule XXXVII. For Polynomial or Compound Addition (193). 
Rule XXXVIIl. For Polynomial or Compound Subtraction (194). 

Subtracting a prior from a later dale (195)— Of the interval of time thus found 

(1»6) 

RtTLB XXXIX. For Polynomial or Compound Multiplication (107). 
Rule XL. For PolynomicU or Compound Division (198). 
Wliea the diviaor and diTtdend are bMh polynuaukiB. 



ANALYSIS OF C(»{T£NTS XT 

DUODECIMALS, 

And tkeir AppliceUion to Square and Cubit Measure, — Pack 153. 

Duodecimals (199)— Primes, seconds, thirds, &c.— How these denominations 
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CHAPTER I. 



PaELIMIM Alt Y DEFINITIONS. — ^NUMERATION. — NOTATION . 

Science and Art, 

^ 1« Science is knowledge reduced to a system^ so as to be 
conveniently taught, and readily applied. — Art is knowledge 
applied' to practical purposes. — The Rules of art are founded 
on the Principles of science. 

Unity and Numbers. — Quantity. 

§ 2. A Unit is any thing regarded simply as cme; and iVum- 
bers are repetitions of a unit. 

The number? tioo, three, &c., are repetitions of a unit or one. 

§ 3« Quantity is any thing which admits of being rneasured. 

Thus a lin/e is a quantity, and we express its measure when 
we say it is so many^ee^ or inches long. 

Is time a quantity 1 Is industry a quantity 1 Is weight a quantity 1 
Is hope a quantity 1 Is distance a quantity \ Is virtue a quantity ? 

Are length, breadth, and height quantities ? 

Numbers arc quantities, since, every number is necessarily 
measured by a unit, (§ 2) ; and numbers are necessary to 
express the measures of all other quantities. 

Thus we express the measure of a quantity of water by 
saying it i8^t;e gallons; and th^ measuxe ot tn^\^\.^1 ^^^»Sl« 
tity of iron by saying it la ten poundt. 



3 PftELIMINARY Dfil'imTlOXS. (f 4. 

PBSZ.IMIHABT DEFIHITIOXS. 

$ 4. Mathematics Is the science of Quantity. Its most 
general divisions are Arithmetic and Geometry. 

Arithmetic is the science of Numbers ; or, when practical- 
ly applied, the art of Calculation. — Geometet is the science 
which treats of Extension, including length, breadth, and height 
or depth. 

Of these two divisions of mathematical science, Arithmetic 
comes first in order ; and we begin by distinguishing different 
kinds of numbers. 

Abstract and Concrete Numbers. 

J 5, An abstract number is a number without any kind of 
units expressed ; as the numbers (me, five, ten, a hundred. 

$ 6. A concrete number is a number of sovne kind of units 
expressed ; as the numbers one book,^i;e men, a hundred dollars. 

Is twenty an abstract or a concrete number? Is nint pounds an 
abstract or a concrete number'.' One hundred? Two hundred miles? 

(live two other examples of abstract, and two of concrete numbers. 

Similar and Dissimilar Numbers. 

% 7. Similar concrete numbers are such as express the same 
kind of units ; as three dollars and^t^e doU^s. 

$ 8. Dissimilar concrete numbers are such as express dif' 
ferent kinds of units ; as three dollars ttndjive miles. 

Are four Indies and seven inches, similar or dissimilar concrete num- 
bers ? Nine pounds &nii twelve yards? One cent and fen pints ? 

Give another example of similar concrete numbers. Of dUsimilar 
concrete numbers. Give another example of each kind. 

The groundwork of a thorough knowledge of Arithmetic 
must be laid in the principles of Numeration and Notation ; 
for on these principles depend the four fundamental opera- 
tions in Arithmetic — Addition, Subtraction, Multiplication, and 
DiviMioB. 
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NUMERATION. 

$ 9. Numeration is the method of naming abstract Bum- 
foers. Numbers are named as so many unitSf tens, hundreds, &.e. 

Thus eleven is one and ten ; 

twelve is two and ten ; 
thirteen is three and ten; 
seventeen is seven and ten, 

Tioenty is two tens ; 
twenty-Jive is two tens Bud Jive, 
thirty-nine is iAree tens and ntTie. 

A hundred is ^ ^eTZS ; 
A Vwvsand is ten hundred. 

A milium is ten hundred thousand, or a thousand thousands. 
A billion is ten hundred millions, or a thousand millions. 
A trillion is ten hundred billions, or a thousand billions. 

In like manner Numeration proceeds through quadrillions, 
quintillums, sextillions, s^tillions, octillions, noniUions, deciUions, 
undecillions, duodeeillions, &c. 

What two numliers are implied in the nsme fourteen ? In the name 
fifteen ? In eighteen ? In fifteen 1 In seventeen 1 

What is implied in the name twenty ? In the name twenty-one ? In 
thirty 1 In forty 1 In fifty"? . Sixty 1 Seventy? Ninety? 

A quadrillion is how many ? A quintillion ? A sextillion ? A sep- 
tillionl An octillion? Anonillion? A duodeciflion I 

DiffererU Orders of Units, 

§ 10. The naming of numbers by teTis, hundreds, &a:., intro- 
duces different orders of units in Numeration.. 

The numbers two, three, four, &c., are repetitions of the 
simple unit one, which is called a unit of the Jfirst order, 

Tweniy, thirty, forty, &.C., are, respectively, two tens, three 
tens, four tens, &c.; and in these repetitions of ten, ten is re. 
garded as a unit of the second order. 

So in repetitions of a hundred, as two hundred, three Awn- 
dred, &c., oTie hundred is regarded as a unit of the third order. 

In like manner, one thousand is made a unit of the fourth 
order ; and so on. 



4 'KeJiCBRATfON. 

In the namber ThreehuTidred and forty'seven, for example, we 
find seven units of xhejirst order, four of the secmid, and three of 
the ihird. 

In the number Five thousand, nine hundred and four, we find 
four units of the first order, none of the second, nine of the third, 
and five of the fourth. 

How many units of the first and second orders, respectively, do yoi: 
find in the number Twenty-five ? In the number Thirty-one ? In tbe 
number Seventy-six 1 In the number Nineteen] In the number 
Ninety-nine T 

How mahy units of distinct orders are found in the number Five 
hundred and thirty-four? In the number Nine hundred and fifty-one 1 
In Three thousand seven hundred and sixteen ? In Eight thousand on* 
hundred and seventy 1 

Scale of Nwnheratum. 

^11. Ten of any lofwer order of units make ofm of the next 
higher order ; or, cme of a higher order makes tien, of the next 
lower order. 

Thus ten units (of the first order) make one ten. . 

How many Tens make One hundred ? How many Hundreds make 
One thousand'? How many Hundreds make Two thousand? How 
many Hundreds make I'hree thousand? 

One million is how many Hundred thousand ? One billion is how 
many Hundred millions 1 One trillion is how many Hundred billions ^ 

Xunieraiion Talle^ 

§ 19# The ascending orders of units are given from right 
to left, in the following Table : 



o S ^ 



^ 



•«« 






§ !^ .|-!i ^ I g t^ ^ ^ 



Kecite the orders of units, ascendins;, from Units to Decillions. Kecite 
them, deifcendi77gj beginning with Hundreds. Beginning with J'hou- 
sands. Beginning with Tens of thousands. Beginning wiih Hundreds 
of thousands. Beginning with Millions. Begmning with Billions. 

What are the relative values of these d^erent orders of units (§ 11)^ 
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NOTATION. 

§ 13. Notation is the method of denoting numbers by nu'^ 
moral characters or figures. 

These Figures — sometimes called the digits of numbers — are 
1 one, 2 twOf 3 ihreey A four , 6 five, 6 six, 7 seven, 8 eight, 9 nine, 
and the zero or cipher, which denotes nothing. 

The figures from 1 to 9 inclusive, are significant ; the is 
insignificant. 

Tens, Hundreds, d;c. — how denoted. 

§ 14. Tsns, hundreds, &c., are deifoted by two, three, dsc., 
figures in a row, right and left, — the first on the right being 
uniUi, — ^the second, tens, — the third, hundreds, and so on, accord- 
ing to the ascending orders of units. (§ 12.) 

Thus 12, 1 ten and 2, that is,tiDelve; 
123, 1 hundred, 2 tens, and 3; or one hundred and tyjenty-three. 

What would be the value of 4 in the first place on the right 1 In 
the second place ? In the third place ? In the fourth place ? 

Simple and Local Values. 

§ 1.5. The simple value of a figure i9 that which is ex- 
pressed by the simple name of the figure — ^being its value 
when used alone, or in the units' place. 

Thus the simple value of 5 is five; 
and 5 has its simple value in 25, 2 tens and 5, or twenty-five. 

§ ir. The local value of a figure is that which arises from 
its place in a row of figures — ^being its simple value increased 
tenfold for each place it is removed from units toward the left. 

In 25, 2 has the local value 2 tens, which is 10 times the 
simple 2; and in 125, 1 has the local value 1 hundred, 

3, in the second place from the right would be how many tiroes the 
simple 31 In the third place 1 In the fourth place ? In the fifth ? 

Use of Zero or Cipher. 

§ 17. The zero or cipher, having no value, is used to oc- 
cupy vacant places in notation; and thus to assign a required 
local value to another figure, by removing it the proper distance 
from the units' place. 

Thus 10, 1 with a occupying the units' place, denotes 7b». 
to, 100, 1 with two Os for tans and units, \« OneXuii^Tu^ 
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How may the figure 2 be niade to denote 2 tens, or twenty? How 
may it be made to denote 2 hundred ? 2 thousand ? 2 miliums ? 

How may 3 be made to denote 3 hundred 1 3 thousand ? 30 thou 
sandl 3 hundred thousand? 3 millions 1 3 hundred millions ^ 



RULES OF ARITHMETIC. 

§ IS* A Ruley in Arithmetic, is a prescribed mode of per- 
forming an Arithmetical operation. 

RULE I. 

$ 19. To Numerate or read a row of Figures. 

Call the successive ^giires units, tens, hundreds, &c., from 
right to Uft {% 12), and then read them according to their re- 
spective names or values from left to right. 

EXAMPLE. 

To read the number 

704360.621 , 

Calling the figures, one after another, units, tens, hundreds,&^., 
from right to left, we find the last figure 7 to be hundreds of 
miliums. Then reading from left to right, we say, 

Severh hundred and four minions. Three hundred and sixty thou- 
sand, Five hundred and twenty one. 

EXERCISES. 

Read each of* the following numbers, — ^from the top to the 
bottom of each column. 



1st, . . 


. . 11 


16th, . . 


. . 610 


31st, . . 1000000 1 


and, . 


... 12 


17th, . . 


. 701 


32nd, . 6400376 


3rd, . . 


* . 13 


18th, . . 


. . 900 


33rd, . . 7347631 


4th, . 


... 16 


l9th, . . 


. . 1000 


34th, . 20000000 


6th, . . 


. . . 19 


20th, . . 


N 3800 


35th, . 34000000 


6th, . 


... 20 


21st, . . 


. 24000 


36th, . 76603740 


' 7th, . 


. . . 21 


22nd,. . 


. 37220 


37th, . 80730783 


8th, . 


. . . 30 


23rd, . 


. 40079 


38th, 300000000 


9th, . 


. 34 


24th, . . 


. 71003 


39th, 473830731 


10th, . 


... 40 


26th, . . 


. 89060 


40th, 380707349 


11th, . , 


. . . 49 


26th, . . 


. 94376 


41st, 701803909 


13th, . 


. , 100 


27th, . 


. 100000 


42nd, 890760640 


13th, , 


. . . 206 


28th, . . 


270270 


43rd, 4000000000 


14th, . 


. . 300 


29th, . 


. 341143 


44th, 6738146839 


, ; 16th, . 


, . . 473 


30th, . . 


404404 


46 til, ^030707301 
-i — ^**' — ' L ' 
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NOTATION. 

RULE II 



§ 20. To write in Figures any given Number. 

Place proper figures from fe/if fo righU to denote the number 
in each of the descending orders of units, from the highest in 
the given number down to simple units; observing to fill each 
vncant place with a 0. (§ 17.) 

EXAMPLE. 

To write in figures the number 

Three millions, twenty-Jive thoiisand, and thirty. 
The descending orders of units in this number, are 

3 millions, 2 tens of thous., 5 thousands, and 3 tens. 

Hence we write it, 

3026030; 

in which the vacant places of hundreds of thousands, hundreds^ 
and units, are filled with Os. 

EXERCISES. 



Write in figures each of the following numbers: 



1. 
2. 
3. 
4. 
5. 



One hundred. - 
Two hundred and one. 
Three hundred and ten. 
Four hundred and five. , 
Five hundred aiid fifteen. 

6. Six hundred and twenty. 

7. Seven hund. and thirty-four. 

8. Eight hundred and eleven. 

9. Nine hund. and ninety-nine. 

One thousand. 
Two thousand and nine. 
Five thousand and ten. 
Seven thous. one hundred. 
Three thousand and five. 

15. Eight thous. and nineteen. 

16. Nine thous. and eleven. 

17. Four thousand, five hun- 
dred and seventy-eight. 

18. Ten thousand. 

19. Twelve thousand and ten. 

20. Twenty thousand and nine. 



10. 
11. 
12. 
13. 
14. 



21. Fifty- foiir thousand, one 
hundred and twenty-three. 

22. Eighty-seven thousand, five 
hun(&ed and seventy-eight. 

23. Seventy-one thousand, two 
hundred and one. 

24. Forty thousand, three hun- 
dred and t>vo. 

26. One hundred thousand. 

26. Two hundred and thirty 
thousand, one hundred. 

27. Five hundred and one thou- 
sand, two hundred and three. 

28. Seven hundred and thirteen 
thous., four hundred and fifty. 

29. Nine hundred and ninety- 
nine thousand, and one. 

30. Eight hundred thousand, 
and seven hundred. 

3 1 . Nine hundred and one thou- 
sand, one hundred Q.i\!i \2ki\^<^. 
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NOTATION. 



(21 §. 



32. One million. 

33. Five millions, five hundred 
thousand. ' 

34. Nineteen millions, two hun- 
dred and forty-seven thous. 

35. Thirty millions, one hun- 
dred and fifty thousand, seven 
hundred. 

36. Seventy«-five millions, eight 
hundred, and sixty-four thou- 
sand, nine hund. and twelve. 

37. Eleven millions, seven hun- 
dred and fourteen thousand. 

38. Twenty-nine millions, four 
hundred and one thousand, 
two hundred and ten. 

39. Thirty millions, nine hun- 
dred and twenty thousand. 

40. Seven millions, eighty-five 
thousand, six hundred and 
forty-nine. 

41 . Eighty-five millions, eighty- 
seven thousand, four hundred 
and ninety seven. 

42. Ninety-nine millions, pne 
hundred and eleven thousand, 
one hundred and one. 



43. One hundred millions. 

44. Three hundred millions, 
one hundred thousand. 

46. Five hundred and thirty- 
four millions, nine hundred. 

46. Six hundred and nine mil- 
lions, fifty thousand, one hun- 
dred and twenty-fiv€. 

47. Nine hundred and seven- 
teen millions, five hundred 
thous.jfour hundred and sixty. 

48. Five hundred millions, six- 
ty thousand, three hundred 
and four. 

49. Seven hundred and ten 
millions, one hundred thou- 
sand, five hundred and nine- 
ty-one. 

50. Three hundred and one mil-' 
lions, seven hundred and ten. 

51. Eight hundred and six mil- 
lions, nine hundred and nine- 
teen thousand, one hundred. 

62. Nine hundred and ninety- 
nine millions, nine hundred 
and^ ninety - nine thousand, 
nine hund. and ninety-nine. 



French and English. JSfumeratUm. 

§ 21. In the French system of Numeration, which prevails 
in continental Europe, and in America, a thousand millions 
make OTie hiUiorii a thousand billions make orie triUwny and so 
on (§ 9 and § 12). 

In the English system, a million millions make one billion, a 
million billions make one trillion, and so on. 

Hence, in this system, after hundreds of millions, the ascend- 
ing order of units are, thousands of millions, ten^ of thousands 
of millions, hundreds of thousands of millions, biUions; and in 
like manner after hundreds of billions, &.c. 

For example, the number 3 840 930 670 820, in the French 
system, is 3 trillions, 840 billions, 930 millions, 670 thousand, 
eight hundred and twenty. 

In the English, it is 3 UUUms, 840930 miUioMy 670820. 



ff 22—23.) 



ADDITION. 
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CHAPTER II. 



ADDITION. — SUBTKACTION. — MULTIPLICATION. — DIVISION. 

ADDITION. 

$ 2d. Addition consists in finding the sum or aggregnU 
amount of two or more numbers. 
Thus the sum of 4 and 5 is 9; or 5 added to 4 makes 9. 

What is the sum of 7 and 31 Of 6 and 4"? Of 8 and 5? 

The Sum found may be regarded as a whole, of which the 
given numbers are the parts. 

What is the sum of 4, 6 and 8 ? Then what is the whole, and what 
are its parts ? What is the sum of 10, 4, and 3 1 Then wliat is the 
whole, and what are its pfuts ? 

§ 23* The whole is equal to the sum of all its parts. 

Recite the elementary sums of numbers ; thus 1 and 1 are 2 ; 1 and 
2 are 3 ; &c. — 2 and 1 are 3 ; 2 and 2 are 4 ; &c., as given from left 
to right in the 

Addition Table. 



1 and I are 2 2 are 3 


3 are 4 


4 are 5 


5 are 6 


Gare 7 7 are 8 8 are 9 9 are lo] 


2and\lare 3 


a are 4 


3 are 5 


4 are 6 


5a»e 7 


6 ore 8 


7 are 9 8 ore 10 


9 ore 11 


3and\iare 4 


\2are 6 


3 are 6 


4 ore 7 


5 are 8 


Care 9 


7are 10 8 ar« 11 9 are I2 


4atid 


I are 5|'2 are 6 


3 ore 7 


4 are 8 


5 are 9 


6 ore 10 


7 ore 11 8 ore 12|9 ore 13 

• 


Sand 


tare 6\2are 7 


3 are 8 


4 are 9 


5 are 10 


6 ore 11 


7 are 12 


8 are 13 9arel4| 


6 aivi I are 7 8 are 8 


3 are 9 


4 are 10 


5 are 11 


6 are 12 


7 are 13 


8 ore 14 


9 ore 15 


7 andll are 8 


2 are 9 


3 are 10 4 are 11 


5 ore 12 


6 are 13 


7 are 14 


8 ore 15 


9 are 16 


8 and I are 9 2 are 10 


3 are 11 


4 are 12 


5 are 13 


Gore 14 7 ore 15 


8 ore 16 


9arel7 


9a7id 


] are 10 


2 are 11 


3 are 12 


4 are 13 


5 are 14 


6 ore 15J7 ore 16 


Sore 17 9 are 18 


•tOand 


lareU 


2 ar« 12 


3 are 13 


4 are'l4 5 ore 15|c are 1 6 7 are 17 8 are 1 8 


9 are 19 


II and 


I are 12 


2 are 13 


3arel4 


4 are 15 


SorelG 


6 are 17 


7 ore 18 8 are 19 


9 are 20 


\2and'llarel3 2areU 


3 are 15 


4 are 16 3 are 17 


are 18 


7 ar« 19 3 ore 20 


9 are 21 



\ 



10 ADEUTION. (§ 24, 

tSi^n of Addition. 

§ 24. The sign +, called plus, placed between numbers, 
signifies that the numbers are to be added togetJier. 

Thus 5+4, 6 pliLs 4, signifies 6 and 4 added together. 
What is the sum of 4+3-[-2 1 Of 6+44-8 1 Of 7+3+4+6 1 

Sum of Concrete Numbers. 

§ 2;$. The sum of fiimilar concrete numbers, is a concrete 
number of the same kind. 

Thus, the sum of 5 cents and 4 cents is 9 cents. 

What is the sum of 6 pounds + 6 pounds ? Of 7 days + 3 days + 
5 days] Of 10 miles + 9 miles 1 Of 1 2 pints + 6 pints + 2 pints 1 

§ 26* Dissimilar concrete numbers cannot be united in one 
number. 

Thus we cannot add 5 cents and 3 days together. 

RULE III. 

§ 27. To Add two or more Numbers together. 

1. Set the numbers one under another, with tmits under 
units, tens under tens, &c. 

2. Proceeding from right to left, add up each column of 
figures, and under each set its amount, if less than 10. 

3. If the amount be 10 or more, set down its righi hand 
figure, and add the left figure or figures to the next column. 

Set down the whole amount of the last column. 

EXAMPLE. 

To find the Sum of 930+6764+8621 

930 
6754 
862 1 

16305 

Having set vmls under units, tens under tens, &c., we say 1 
and 4 are 5, and set 5 under the units' column. 

Then, 2 and 5 are 7, and 3 are 10. We set the under the 
tens' column, and add or carry the 1 to the next column; thus 
1 and 6 are 7, and 7 are 14, and 9 are 23. We set 3 under 
that column, and say 2 and 8 are 10, and 6 are 16. 



$28.) ADDITION. 11 

QTy^The left hand ^figure in the amount of any column, denotea the 
number of teris in that amount ; and these tens are so many units when 
carried to the next column on the left. (§ 11.) 

In the preceding example, the amount of the ien^ column is 10 tens. 
But 10 tens being 1 hundred, we set down no tens, and add I to the 
hundreds' column, — ^which makes 23 hundreds, or 2 thousands and 3 
hundreds. The 3 is put in the hundreds* place, and the 2 is added to 
tfie thousands' column, making 16 thousands. 

By thus carrying om for every ten, from right to left, we find the num- 
ber belonging to each distinct order of units in the sum of the several 
numbers. The whole is equal to the sum of all its parts../ID 

The Operation Proved. 

$ 2S. Addition may be verified or proved, by adding the sev- 
eral columns of figures dowmcards; tJie Sum must be the same 
as when they are added upwards. 

Thus to prove the operation in the preceding example, we 
begin at the top, and say 4 and 1 are 5; tlien 3 and 5 are 8, 
and 2 are 10. Setting down the 0, and carrying the 1, we say 
1 and 9 ffi^e^lO, and 7 are 17, and 6 are 23; then 2 and 6 are 8, 
and 8 are 16. 

The Sum found is the same as before. 



EXERCISES. 

1. Johnhas 95 chestnuts, Thomas has 180, and Charles 270; 
what number have they all together 1 

The whole numl)er of chestnuts will le found by adding together 
95, 180, and 270. Anstoer, 546 chestnuts. 

2. A farmer being asked how many sheep he had, rfeplied : 
"in one field I have 410, in another 600, in another 602." 
How many had he 1 Ans. 1612 sheep. 

^ 9rA merchant bought cloth for 376 dollars, linen for 83 
dollars, silk for 234 dollars, and calico for 76 dollars. What 
Bum did he expend for the whole 1 Ans. 767 dollars. 

4. A gentleman bought a carriage for 360 dollars, a pair of 
horses for 240 dollars, and a set of harness for 100 dollars. 
What did the whole amount to 1 Ans. 690 dollars. 

6. Going out to collect money, I received from one person 
13 dollars, from another 124 dollars, from another 89 dollars, 
and from another 20 dollars. What was the whole sum col- 
lected 1 Ans. 246 dollars. 



13 EXERCISES IN ADPITiOA. 

6. Suppose a man should raise on the several fields of l^s 
farm the foljowing^ quantities of grain, viz: 686 hushels, 97 
bushels, 330 bushels, and 1000 bushels, — how many busliels 
would he raise altogether 1 Atis, 2112 bushels. 

7. Allowing a person's estate to be estimated as follows, viz: 
real estate 9000 dollars, personal property 1375 dollars, recov- 
erable debts 875 dollars, and cash 300 dollars, — ^what would be 
the value of his estate 1 Atis. 11550 dollars. 

8. Admitting I bought of A 500 bushels of wheat, of B 934 
6ushels, of C 83 bushels, and of D 125 bushels, — ^how many 
bushels did I buy in all 1 Ans. 1642 bushels. 

9. Three persons deposite flour in the same warehouse; the 
first, 43 barrels; the second 150 barrels; and the third, 89 bar- 
rels. What quantity do they all deposite 1 Ans. 282 barrels. 

10. A merchant bought four pieces of cloth; tlie first for 225 
dollars, the second for 310 dollars, the third for 279 dollars, and 
the fourth for 95 dollars. What did the whole cost him ? 

Atis, 909 dollars. 

11. If a merchant buy a stock of goods for 5000 dollars, foi 
what sum must he sell the goods so as to gain by them 475 
dollars 1 Ans. 5475 dollars. 

12. Bought a barrel of sugar for 15 dollars, a barrel of mo- 
lasses for 13 dollars, and a sack of coffee for 20 dollars. For 
what sum must the whole be sold to gain 10 dollars 1 

Ans. 58 dollars. 

13. A person on a journey travels, the first week 255 miles ; 
the second, 240 miles; the third and fourth, each 200 miles. 
How far did he travel in the four weeks ] Atis. 895 miles. 

14. Fom: persons. A, B, C, and D, engage in speculation. A 
gains 75 dollars, B 100 dollars, and C and D each 235 dollars; 
what sum was gained by all together 1 Ans. 645 dollars.' 

15,» A farmer bought three plantations for 3750 dollars each, 
and sold them again so as to make 1000 dollars on the whole. 
For what sum did he sell the three. Ans. 12250 dollars. 

16. A draper sold four bales of linen; the first and second 
contained each 480 yards; the third and fourth each 542 yards. 
How many yards did he sell 1 Ans. 2044 yards. 

17. Bought of A 325 bushels of wheat; of B, 280 bushels; 
of C as much as frqm A; and of D as much as from B. What 
quantity of wheat did I buy in all ? Ans. 1210 bushels. 

18. A merchant bought at one time 375 barrels of flour, for 
1875 dollars; and at another 400 barrels for 2000 dollars. 
What quantity of flour did the merchant buy, and for what 
sum I Atis, *1*1b barrels, for 3875 dollars. 



EXERCISES IN ADDITION. 13 

19. Find the Sum 345+480+2346+7864. Ans. 11035, 

20. Find the Sum 201+342+4000+1009. Ans. 6562. 

21. Find the Sum 804+4364+25+1231. Afis, 6424. 

22. Find the Sum 58603+75+49+2400. Ans, 61127. 

23. Find the Sum 73846+37+63+9000. Ans. 82946. 

24. Find the Sum 7+43+479+8+3703. Ans. 4240. 
25; Find the Sum 9+60+340+4+8264. Ans. 8677. 

26. Find the Sum 5+50+600+8+8900. Ans. 9563. 

27. Find the Sum 6+10+100+9+1000. An.s. 1125. 

28. A lends to B 2500 dollars; to C 3000; and has 6325 
dollars left. What sum had* A at first 1 Ans. 10825 dollars. 

29. A speculator bought stock at one time for 325 dollars; 
and at another time for 705 dollars. In selling the who|e, he 
realized a gain of 175 dollars; for what sum did he sell 1 

Ans. 1205 dollars. 

30. A gentleman is 15 years older than his~\vife, and she is 
20 years older than their eldest son, who is 29 years of age. 
Required the gentleman's age, and the age of his wife 1 

Ans. His age is 64 years; hers 49. 

31. A, B, and C form a partnership in trade. A puts in 4250 
dollars; B, 2000 dollars; and C as much as A and B together; 
what is their whole stock in trade 1 Ans. 12500^ dollars. 

32. Bought at one time 75 yards of cotton, and 100 yards 
of linsey; at another, 37 yards of cotton, and 87 yards of lin- 
sey; and at another, 125 yards of cotton, and 9 yards of linsey. 
What quantity of each kind did I buy \ 

Ans. 237 yards of cotton, and 196 of linsey. 

33. A merchant bought cloth for 375 dollars, and silk for 95 
dollars. In selling, he gained 50 dollars on the cloth, and 45 
dollars on the silk; for what sum did he sell the whole 1 

Ans. 565 dollars. 

34. A grocer paid 300 dollars for sugar, 174 dollars for cof- 
fee, 85 dollars for rice, and 56 dollars for tobacco. He sold the 
sugar at a profit of 25 dollars, and the other articles at cost; 
what did he get for the whole 1 Ans. 640 dollars. 

35. A father bequeaths to his only daughter 2500 dollars, 
and to each of his two sons, 500 dollars more than to his daugh- 
ter. What sum did each son receive, and what was the amount 
of the several bequests ] /««• 5 Each son, 3000 dollars, 

^ ^Amount, 8500 dollars. 

36. Several persons contributed towards the establishment 
of a library. A gave 200 dollars, and B 50 dollars more than 
A; C gave 300 dollars, and D 25 dollars more than^C. What 
was the wliole amount contributed] Ans. 1076 dollars. 



14 EXERCISES IN ADDITION. 

37 The produce of two farms was as follows, viz: of the 
first, 786 bushels of wheat, and 250 of rye; of the second, 1000 
bushels of wheat, and 113 of rye. What was the entire pro- 
duce of the farms (§ 26)] 

Ans. 1785 bushels of wheat, and 363 of rye. 

38. A merchant bought 4 bales of cotton; the first and sec- 
ond contained 470 yards each; and the third and fourth, 632 
yards each. What was the number of yards purchased 1 

Ans. 2004 yards. 

39. Bought live stock as follows, viz: of A 13 cows, 16 oxen, 
and 120 sheep; of B 24 cows, 30 oxen, and 153 sheep: and of 
C 100 cows, and 425 sheep. It is required to find the amount 
of stock purchased (§26). > 

Ans. 137 cows; 46 oxen: 698 shsep. 

40. A has 2376 dollars; B 150 dollars more than A; and C 
as much as A and B together. What sum is possessed by C, and 
what by the three together 1 . 5 ^ ^^^ 4900 dollars. 

^^^* ^The three 9800 dollars. 

41. A farmer has in store at one place 600 bushels of wheat, 
325 of oats, and 50 of corn; and at another, 476 bushela of 
wheat, 75 of oats, and 83 of corn. What amount of produce 
has the farmer in store ] 

Ans. 975 bushels of wheat; 400 of oats; 133 of corn. 

42. Bought a quantity of cloth for 386 dollars, of cotton for 
200 dollars, and of silk for 150 dollars. The cloth was sold 
at a profit of 73 dollars, the cotton at a profit of 35 dollars, and 
the silk at cost. What was the whole sold for 1 

Ans. 844 dollars. 

43. The population of each of the grand divisions of the 
Karth, is estimated as follows, viz: of Europe, at 238 millions, 
473 thousand, nine hundred and fifty-seven; of Asia, at 390 
millions; oL Africa, at 65 millions; of North America, at 35 
millions; of South America^at 15 millions, 240 thousand; and 
of Oceanica, at 20 millions. What tlien is the whole popula- 
tion of the several grand divisions of the Earth 1 

' A71S. 7637n'>57 inhabitants. 
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SUBTEACTION. 

$ 29. SuBTRACTiow consists in finding the difference be- 
tween two numbers; that is, the remainder when the less num- 
ber is taken from the greater. 

The less number is called the subtrahend, and^the greater 
tlie minvjend. 

Thus 4 from 9 leaves 5; then 4 is the subtrahend , 9 the mm' 
vend, and 5 the difference or remainder. 

What is the difference between 5 and 8 1 Between 6 and 101 Be- 
tween 9 and 15? Between 8 and 17 ? Between 10 and 19 ? 

Addition and Subtraction,. 

$ SO. Addition and Subtraction are the reverse of each other. 

In Addition, the parts are given, to find the sum or whole; in 
Subtraction, the sum or whole, and one of its parts, are given, 
to find the oiher part. 

The sum being 10, and one of its parts 7, what is the other part 1 
The sum being 13, and one part 6, what is the other part ? The sura 
being 19, and one part 12, what is the other part ? 

Sign of Sztbiraction, 

§ 31. The sign — , called minus, placed between two num- 
bers, signifies that the one before which it stands, is to be sub" 
traded from the other, ^ 

Thus 9 — i, 9 minus 4, signifies 4 subtracted from 9. 

How many is 8—5 1 13—7 1 15—4 1 18—11? 20—10 1 
How many is 10— 3? 14—9? 17—8? 21—10? 25—15^ 

Difference of Concrete Numbers. 

§ 3!U. The difference of two similar concrete numbers, i» s 
concrete number of the same kind. 

Thus the difference of 5 cents and 8 cents is 3 cents. 

What is the difference between 12 pounds and 3 pounds? Between 
18 days and 9 days? Between 20 dollars and 12 dollars? 

§ 33. Two dissimilar concrete numbers- cannot be iub- 
tracted, the one from the other. 
Thus we cannot subtract 5 pounds from 8 daifs. 



16 SUBTRACTION. (§ 34. 

Constant Difference, 

§ S4. The Difference of two numbers remains the same^ 
when those numbers are equally increased or diminished. 

What is the difierence between 4 and 7 7 Between 44-I and 7-|-l 1 
Between 5 and 9? Between 5-|-2 and 9-1-2? Between 7 and 12? 
Between 7-)- 10 and 12-)- 10 1 Between 20—9 and 15—9 1 

RULE IV. 

§ 35. Tb Subtract one Number from another. 

1. Set the less number under the greater, with units under 
^pits, tens under tens, &c. 

2. Proceeding from right to left, take eacH lower figure from 
the one above it, imd underneath set the remainder. 

3. If the lower figure eaxeed the upper, add 10 to the upper 
figure; from the sum subtract the lower, and then add 1 to the 
next lower figure before subtracting it. 

EXAMPLE. 

To find the Difference between 664739 and 80657. 

654739 
80657 

5 7 4 8 2 

Having set the less number under the greater, with units 
under units, tens under tens, &.C., and drawn a line below 
them. 

We begin at the right, and say^ from 9 leaves two; the 5 
being greater than the 3 above it, we say 10 and 3 are 13, and 

6 from 13 leaves S; then adding 1 to the 6, making 7, we say 

7 from 7 leaves 0; from 4 leaves 4; 10 and 5 are 15, and 8 
from 15 leaves 7; there being no figure under the 6, the 1 to 
be added there makes 1 for that place, — ^then 1 from 6 leaves 5. 

The Difference required is 574082. 

r^ The 10 added to any upper figure is always equal to the 1 added 
to tlie next lower figure (§11); so that these additions preserve the 
rathe difference hetsFreen the two given numbers (4 34). 

In the preceding example, the 10 tens added to the 3 tens, are equal 
to the 1 hundred added to the 6 hundreds; in like manner the 10 added 
to the 5 in the upper number is equal to the 1 added to the lower num- 
ber, and subtracted from the 6. 

The several figures in the remainder express the difierences between 
the corresponding units, in their several orders, in thu two given numbers 
•r tlvxw numbers equally increased in the process of subtracting. J^ 
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The Operation Proved. 

§ 36. Subtraction may be verified or prmed, by adding the 
difference to the less number; the sum must be equal to the 
greater number. 

EXESCISES. 

1. William had 325 chestnuts, but gave James 148 of them. 
How many chestnuts had William left ? 

TTie number left is the difference between 325 and 148. 

Ans, 177 chestnuts. 

2. A person who undertook a journey of 735 miles, has 
traveled 93 miles of the distance. -What distance has he yet 
to travel 1 Atis, 642 miles. 

3. From a farm which contained 2350 acres, 1234 acres were 
sold. How many acres remained of the original farm 1 

Ans. 1116 acres. 

4. A young man received from his father 5325 dollars, of 
which he paid 2500 dollars for a house. How many dollars oi 
the first sum had he remaining ? Ans, 2825 dollars. 

5. A merchant deposited 5800 dollars in bank, but afterwards 
made a draft upon it for 3270 dollars. What sum remained 1 

Ans, 2530 dollars. 

6. Suppose a farmer who has 4000 bushels of wheat in his 
granary, should take out 2100 bushels to be sent to market; 
how many bushels would remain ? Ans. JL900 bushels. 

7. A vintner bought 4036 gallons of wine, and afterwards 
sold at different times to the amount of 2373 gallons. How 
many gallons had he remaining 1 Ans.' 1663 gallons. 

8. Suppose I should borrow of my neighbor 1000 dollars, 
and three months afterwards should pay him 385 dollars of the 
debt; what balance would still be owing 1 Ans. 615 dollars. 

9. A drover bought cattle for 1495 dollars, and sold the same 
at a loss of 270 dolors. For what sum did he sell them ? 

Ans. 1225 dollars. 

10. A gentleman sold a farm for 6700 dollars, which sum was 
530 dollars more than he gave for it. What did he pay for the 
farm 1 Ans. 6170 dollars. 

11. A weaver made 30 pieces of cotton, containing 1200 
yards; of which he has sold 17 pieces, containing 875 yards. 
How many pieces, and how tnany yards remain 1 

Ans. 13 pieces; and 326 yards. 

12. Bought of A 385 barrels of flour, and 2805 bushels ot 
corn; of which I sold to B 109 barrels of flour, and 936 bush- 
els of corn. What quantity of each remains unsold 1 

Ans. 276 barrels of flour; 1869 bushels of Corn. 
1 ^ 
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13. A Salter bought 35850 pounds of beef, and 150000 
pounds of pork. Having exported 20500 pounds of the beef, 
and 75900 pounds of the pork, what quantity of each has he 
still on hand I Ans, 15350 pounds of beef; 74100 of pork. 

14. A farmer raised 1200 bushels of wheat, and 213 bushels 
of oats. He sold to A 835 bushels of wheat, and 179 of oats, 
and the remainder of the crop to B. What amount of produce 
did the farmer sell to B ? 

Ans, 365 bushels of wheat; and 34 of oats. 

15. A merchant bought 375 yards of cloth, for 1646 dollars; 
of which he has sold 103 yards, for 685 dollars." How many 
yards of the cloth remain on hand, and for what sum must the 
remainder be sold, to lose nothing 1 . • 

Ans. 272 yards; and 960 dollars. 

16. A grocer bought coffee for 420 dollars, and sugar for 545 
dollars. He sold the coffee for 600 dollars, and the sugar for 
603 dollars; what did he gain on each 1 

Ans, 80 dollars on the coffee; and 68 on the sugar. 

17. Sold a lot of hams for 275 dollars — ^which made a profit 
of 43 dollars; and a lot of cheese for 305 dollars — which made 
a profit of 39 dollars. What did each kind cost me 1 

Ans. The hams, 232 dollars; the cheese, 266 dollars. 

18. Four persons contribute towards the founding of a lit- 
erary institutionj A gave 2500 dollars, B 3300, C 375 less than 
A, and D 283 less than B. What were the sums contributed 
by C and D respectively 1 

^ • Ans. 2125 dollars by C; and 3017 by D. 

19. Find the Difference 230469—85340. Ans. 145129. • 

20. Find the Difference 349130—94131. Ans. 264999. 

21. Find the Difference 400600—80973. Ans. 319527. 

22. Find the Difference 739745—76378.* Ans. 663367. 

23. Find the Difference 611839— 84674. Atw. 427165. 

24. Find the Difference 601813—13834. Ans. 687979. 

25. Find the Difference 803460—46009: Ans. 758451. 

26. Find the Difference 910311—87300. Ans. 823011. 

27. Find the Difference 999830—99001. Ans. 900829. 

28. A borrowed of B 8794 dollars; of which he paid to B at 
one time 2340 dollars, and at another time 1376 dollars. What 
balance remains to be paid ? 

From the whole debt subtract the first paymefU, and from the re- 
mainder syJbtract the second payment. Ans. 6079 dollars. 

29. A person who set out on a journey of 900 miles, traveled 
the first week 255 miles, and the second 233 miles. How 
many miles then remained to be traveled ? Ans. 412 miles. 
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30. A testator provided in his will, that his estate, valued at 
25479 dollars, should be divided as follows, viz: his only son to 
have 13500 dollars, his only daughter 5375 dollars, and his 
widow the remainder. What sum did the widow receive 1 

' Atis. 6604 dollars. 

31. A gentleman, who owned a tract of land containing 
15735 acres, sold from it, at different times, 3050 acres, 521 
acres, 200 acres, and 2370 acres. How many acres of tlie tract 
had he then remaining 1 Ans, 9594 acres. 

32. Borrowed of my neighbor at one time 175 dollars, at 
another 340 dollars, and at another 520 dollars. Having paid 
him 685 dollars, what balance have I yet to pay ] 

From the sum 175+340+520, subtract 685. 

Ans. 350 dollars. 

33. Put in store at one time 500 pounds of hemp; at another 
time 3800 pounds; and at another 2005 pounds. Having with- 
drawn 3473 pounds, what quantity remains in store ] 

Ans. 2832 pounds 

34. A merchant bought flour at one time for 325 dollars, 
and at another time for 460 dollars. Having become damaged, 
the whole was sold at a loss of 184 dollars; for what sum was 
it sold 1 Ans. 601 dollars. 

35. A grocer purchased brandy for 195 dollars, and wine for 
370 dollars. He sold the former at a loss of 35 dollars, and* 
the latter at a loss of 80 dollars. What did he get for the 
whole 1 Ansf 450 dollars. 

36. A manufacturer sold two bales of cotton, which together 
contained 2000 yards. The first bale containing 985 yards, 
how many yards were in the second balel Am. 1015 yards. 

37. A bought of B 875 acres of land, for 23400 dollars. For 
500 acres of the tract, he paid 11379 dollars; how many acres 
were in the remainder of the tract, and for what sum was it 
purchased! Atw. 375 acres; and 12021 dollars. 

38. One farmer had two fields of corn, each producing 230 
barrels; and another had three fields, each producing 195 bar- 
rels. Which of the two raised the larger crop, and by how 
many barrels ] AnrS. The second, by 125 barrels. 

39. Three persons, A, B, and C, propose to purchase a man- 
ufactory, valued at 25850 dollars. A agrees to pay 5000 dol- 
lars, B twice as much as A, and C the remainder; what sum 
will C have to pay 1 Ans. 10850 dollars. 

40. A merchant exchanges a stock of goods worth 6725 
dollars, and a house worth 3120 dollars, with a farmer, for a 
tract of land valued at 5900 dollars, — ^the deficiency on the 
part of the land to be made up in money. What sum will the 
merchant receive ^ Ans^. 3945 dollars. 
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41. A has 2070 dollars more than B, and 375 dollars less 
than C, who has 4000 dollars; what sum then has B 1 

Atis. 1555 dollars. 

42. Two travelers start together from the same place, and 
journey in the same direction, for three successive weeks, — 
the first at the rate of 240, the second 276 miles, per week; 
now far are the travelers apart at the end of the time named 1 

Ans, 105 miles. 

43. Having 4800 dollars on hand, I wish to add to this a 
sum which will enable me to purchase a farm at 5390 dollars, 
and leave 300 dollars for other purposes. Required the sum 
to be added to the first one. Ans. 890 dollars. 

44. A planter sold cotton amounting to 3460 dollars, and out 
of these proceeds purchased groceries for 150 dollars, and 
other provisions for 375 dollars. How much of tl^e first sum 
had he remaining 1 Ans. 2935 dollars. , 

45. A cabinet maker sold furniture to the amount of 4000 
dollars, and received, in part payment, at different times, 100 
dollars, 200 dollars, 475 dollars and 904 dollars. How much of 
the debt remains to be paid 1 ' Ans. 2321 dollars. 

46. A says to B, " in my fruitful pastures, I have 300 fal 
oxen." B replies, " then I have 120 more than you." Says 
C, " I lack but 35 of having as many as you both." How 
many had C "J Ans. 685 oxen. 

47. In 1820, the population of the United States was 9 mil- 
lions, 638 thbusand, one hundred and sixty-three; in 1830, it 
was 12 millions, 856 thousand, one hundred and sixty 'five; and 
in 1840, 17 millions, 63 thousand, three hundred and fifty-three. 
What was the increase from 1820 to 1830, and what from 1830 
to 1840 1 . 5 3218002, from 1820 to 1830: 

^^' ( 4207188, from 1830 to 1840. 

48. The population of Europe being estimated at 238 mil- 
lions, 473 thousands, 957; of Asia at 390 millions; of Africa at 
65 millions; of Oceanica at 20 millions; of N. America at 35 
millions; and of S. America at 16 millions, 240 thousand; — 
how much does the population of Asia exceed that of all 
thp other grand divisions of the Earth 1 

Ans. 16286043 inhabitants. 
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MULTIPLICATION. 

§ 37, Multiplication consists in finding the sum or pro^ 
dud of a number taken any given number of times. 

The number multiplied is called the multiplicand; and the 
multiplying number, the multiplier; the two together are also 
called ^e factors of the product. 

Thus, 3 times 5 is 15; then 3 is the multiplier, 5 the muUi- 
plicand, and 15 the product. Also 3 and 5 are the /actors of 15. 

How many is 3 times 2 ? Which is the multiplicand? The multi- 
plier ? The product 1 The factors ? 

How many is 3 times 3 ? 4 times 31 5 times 3 ? 6 times 3 ? 

Addition and Multiplication. 

§ 38. The addition of the same nuniber to itself repeatedly, 
is a multiplication of that number. 

Thus 6-[-5-|-5 is 3 times 5; the sum or product being 15. 

How many is 6-|-6, or tunce 6 1 6-|-6-f-6, or 3 times 6 1 

How many is T-j-T, or twice 7 1 7-|-7- -7, or 3 times 7 ? 

How many is 8+8+8, or 3 times 8 7 8-|-8-|-8-j-8, or 4 times 8 1 

How maay is 9-|-9-l-9, or 3 times ] 9_|-94-94-9, or 4 times 9 1 

Recite the dementary products, once 1 is 1, once 2 is 2, &c., 
twice 1 is 2, twice 2 is 4, &rC., 3 times 1 is 3, 3 times 2 is 6 &>c., 
as given from left to right in the 

Multiplication Table. 



f Once 


1 2 

• 


3 


4 


5 


6 


7 


8 


9 10 


11 


12 


Twice |w 


2m 4 


is 6 


is Sjis 10 is 12\is 14 is 16 


is 


18 is 


20|is 


22 is 24 


'3 times it 


2 is 6 is 9 is 12 


is ISJis ISJis 21 is 24{ts 


27jis 


30 is 


33 is 36 


4 times\is 


A is S\is 12|u 16 is 20 is 24 


is 2S|ts 32 is 


36jts 


40 is 


44 


is 48 


5 times is 


5|i4 10|ts 15 u 20 t5 25 is 30 


is 35|ts 40|is 


45 is 


50|ts 


55 is 60i 

1 


6 times is 


6|i5 12 u 18 is 24 


is 30 


is 36 


is 42 is iS\is 


54 is 


60 is 


66 


is 72 


7 times is 


7 


is 14 


ut 21 is 28 


is S5|is 42 is 49 is 56 is 


63 is 


70 is 


77|is 84 


8 times\is 


8 is 16 |is 24 is 32jis 40 


is 48 is 56 is 64 ts 


72|is 


80tf 


68 


is 96 


9 times 


is 


9 


is 18 


is 27 is 36 is 45 


is S4|is 6dlis 72 is 


8l|is 


90|i:$ 


99|ts 108| 


10 times is 


10 is 20 is 30 ts 40 is 50 


is 60 is 70 


is 80 is 


90 is 


100 is 


ItOJis 120| 


1 1 times is 


11 is 22|is 33 is 44]is 55 is 66 is 77 


is S8 is 


99 [is 


110 is 


121 ii 132 


|12 times is 


12 is 24 


is 36 is 4S is 60 is 72 is 84 is OOJis 


108 t» 


120|is 132|t« 144 
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C<mstant Frodtict. 

§ 39. The Product of two numbers remains the same, when 
the multiplicand and multiplier are taken the (me for the other. 

Thus 3 times 15 gives the same product as 15 tiTnes 3. 

For, 3 times 15 must be 15 times as many as 3 times 1, which 
is 3; that is, 3 times 15 is just as many as 15 times 3. 

Prove that 4 times 23 is equal to 23 times 4. Prove that 5 times 17 
is equal to 1 7 times 5. Prove that 6 times 39 is equal to 39 times 6. 

• 

JSi^n of Mtdtiplicalion. 

§ 40. The sign X> called iiito, placed between two numbers, 
signifies that they are to be midtiplied together. 

Thus 9X4, 9 into 4, signifies 9 times 4, or 4 times 9. 

Howmanyis6X71 5X9? 8X3? 4X111 8X91 3X71 

Howmaiiy is9x9? 7X8? 8X61 4X12? 9X61 8X41 

How many is 3X7? 5X8? 3X91 5X10? 6X71 2X11? 

How many is 8X7? 6X51 7X-6? 6X111 4X71 3X12? 

Product of Concrete lumbers, 

% 41* The product of a concrete number taken any num 
ber of times, is a similar concrete number. 

Thus 3 times 5 cents is 15 ceTits, 

What is 3 times 9 pounds ? 4 times 7 yards 7 3 times 8 dollars ? 
6 times 9 miles'! 7 times 10 acres? 8 times 11 furlongs? 

§ 42. A concrete number cannot be taken concretdy as a 
multiplier; for, as a multiplier, a number can express nothing 
but repetitions of the multiplicand. 

For example, 3 hats at 5 dollars apiece would amount to 3 
times 5 dollars, which is 15 dollars; the multiplier 3 express- 
ing only repetitions of 5 dollars. We multiply by 3, — not by 3 
hats. 

What would 4 slates amount to at 10 cents apiece ? What would 5 
books amount to at 8 cents apiece ? What would 6 pounds of butter 
amount to at 12 cents a pound 1 What would 7 cords of wood amount 
to at 3 dollars a cordi What would 8 pair of boots amount to at 5 
dollars a pairl What would 9 tons of hay amount to at 8 dollars 
a toni 

If a man can walk 4 miles an hour, how far could he walk in 10 hours 2 
If a yard of cloth sells for 6 dollars, what should be paid for 1 1 yards at 
the same rate 1 Allowing 12 men to do a piece of work in 5 days, in 
what time ought one roan to do the same 1 
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RULE V. 

§ 43. To Multiply by a Number not exceeding 12; oi^hy svck 
Number with Os armexea. 

1. Proceeding from right to left, multiply each figure of the 
multiplicand, and under each set its product, when less than 10. 

2. When the product is 10 or more, set down its right hand 
figure, and add the left figure or figures to the next product. 
Set down the w^hole of the last product. 

3. Ciphers, in the right of either or both of the factors, are 
omitted in multiplying; but as many Os must be placed in the 
right of the product. * 

4. When the multiplier is 10, or 100, &c., the product will 
be formed by merely annexing to the multiplicand as many Os 
as there are Os in the right of the Multiplier. 

EXAMPLES. 

I. To Multiply 6070 by .3; that is, to find 3 times 6070. 

5 70 
3 



16 2 10 



We place a in the right of the product, for the in the 
right of the multiplicand; and then say, 

3 times 7 is 21; setting down the 1, we say 3 times is 0, 
and the 2, from 21, added, makes 2; 3 times 5 is 16. 

The required product is 16210. 

2'. To Multiply 243 by 30; or to find 30 times 243. 

243 
• 30 

7290 

Having placed a in the right of the product, for the in 
the right of the multiplier, we say ■ 

3 times 3 is 9; 3 times 4 is 12; 3 times 2 is 6, and 1 makes 7. 

3. To multiply 359 by 100, we merely annex two Os to the 
multiplicand, and thus find the product 36900. 
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q;;j> The adding of the left hand jigurt in the product of any figure, 
to the next product, is carrying (mt for every itn, as in Addition. 

In the first example, we might have begun by saying 3 times is 0, 
and then said 3 times 7 is 21, &c.' But this amounts to the same thing 
as merely placing a on the right, and beginning the multiplication with 
3 times 7. 

In the second example, 243 multiplied by 3 produces 729. But since 
the true multiplier is 30, which is 10 times 3, the true product must l)e 
10 times 729 ; and this tenfold value is assigned to 729 by the on the 
right, which removes each of its figures one place &rther toward the left 
firom units (§ 16). 

We thus find that for each omitted in the right of either factor, a 
must be placed in the right of the product. J^ 

Tlie Operation Proved, 

§ 44. Multiplication may be verified or proved^ by multiply- 
ing the, multiplicand by the multiplier minus 1, and adding the 
multiplicand to the product thus obtained; the sum must be 
equal to the product found with the entire multiplier, 

EXERCISES. 

1. Mary bought two books, at 31 cents apiece. How many 
cents did she pay for them ] 

The 2 hoolcs cost twice 31 cents; or 31 cents-\-31 cents (§ 38). 

Ans. 62 cents. 

2. A farmer sold 3 horses at 125 dollars apiece. What sum 
did he receive for them ? Ans. 376 dollars. 

3. What would be the value of 20 shares of road stock, at 
95 dollars for each share ? Ans, 1900 dollars. 

4. What would be the weight of 30 bales of cotton, allow- 
ing 460 pounds to each bale 1 Ans. 13500 pounds. 

5. How many pounds of floiir are there in 10 barrels of flour, 
there being 196 pounds in each barrel ] Ans. 1960 pounds. 

6. If « steamboat can run 305 miles in a day, how many 
miles could it run in 4 days ? Ans. 1220 miles. 

7. There being 1760 yards in a mile, what number of yards 
is there in 6 miles 1 Ans. 8800 yards. 

8. A farmer sold 100 acres of land, at 43 dollars per acre 
What sum did he receive for the land ? Ans. 4300 dollars. 

9. There being 660 feet in a furlong, how many feet are 
there in a mile, which is 8 furlongs 1 Ans. 5280 feet. 

10. A merchant bought 60 sacks of coffee, at 13 dollars a sack. 
What did the whole amount to 1 Ans. 780 dollars. 
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11. A butcher bought 7 fat oxen, at an average of 32 dollars 
a head. What sum did he pay fo]^them ? Ans. 224 dollars. 

12. Find the sum that diould be paid for 9 horses at 130 
dollars apiece, and 10 cows at 21 dolla];s apiece. 

Ans. 1380 dollars. 

13. Bought at one time 5 coils of rope, each containing 139 
yards; and at another, 7 coils, each containing 150 yards. 
What was the whole number of yards bought ? 

Ans. 1746 yards. 

14. A farmer bought 5 horses, at 95 dollars each; 11% mules, 
at 60 dollars each; and 40 head of cattle, at 27 dollars a head. 
What did he pay for all the stock purchased 1 

Ans, 2275 dollars. 

15. Sold to A 7 pieces of cotton^ to B 11 pieces, and to C 
12 pieces, — each piece containing 31 yards. What was the 
number of pieces, and what the number of yards that was soldi 

Ans, 30 pieces; and 930 yards. 

16. A merchant bought 213 beaver hats, at 4 dollars apiece. 
What did the whole amount to 1 

TTie hats amounted to 213 times 4 dollars; hut 4 timjes 213 ts 
Oie same number 05 213 times 4. (§ 39). Ans, 852 dollars. 

17. Bought 175 cords of wood, at 3 dollars per cord. What 
. did the whole amount to ? Atw. 525 dollars. 

18. A planter sold 325 bales of cotton, at the average sum 
of 30 dollars per bale^ What did the sale amount to 1 

An^, 9750 dollars. 

19. If a steam ship can run at the rate of 300 miles per day, 
how far would she run in 31 days. Ans, 9300 miles. 

20. A drover sold 573 head of cattle, at the average price of 
20 dollars a head. What did the sale amount to 1 

Ans, 11460 dollars. 

21. A farmer filTed, at one time, 83 sacks of com; and at 
another time 112 sacks;— each sack containing 5 bushels. 
What quantity of corn was put into all the sacks ? 

Ans, 975 bushels. 

23. Bought of A, 137 acres of land; X)f B, 89 acres; and of 
C, 384 acres; — ^at the average price of 40 dollars per acre. 
What quantity of land was bought, and what sum was paid for 
it? An>s, 610 acres; and 24400 dollars. 

23. Shipped to New Orleans, at one time, 120 barrels of 
apples; at another, 75 barrels; at another, 100 barrels; and at 
another, 9 barrels;— each barrel containing 3 bushels. Re- 
quired the number of barrels, and the number of bushels 
shipped. Ans, 304 barrels; and 912 bushels. 
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24. A merchant bought 275 yards of cloth, at 6 dollars per 
yard, of which he has sold 133 yards, at 10 dollars per yard. 
What would he gain on the whole, by selling the remainder 
at 9 dollars per yard 1 Ans. 9 6S dollars. 

25. If 10 masons can build a wall, in 34 days; in how many 
days ought one mason to build the same wall ? 

It vx)uld take 1 mason 10 times as long as it would 10 masons, 
to huild the vmU; that is, 10 times 34 days. Arts. 340 days. 

26. How long ought one man to subsist on a stock of pro 
visions which would support 7 men for 29 days] 

Ans, 203 days. 

27. If 9 men could mow a Qertain meadow, in 19 days; in 
how many days ought one jpian to mow the meadow ? 

Atls. 171 days. 

28. If 115 bushels of oats will feed one horse for 3 months; 
what quantity of oats would feed 12 horses, the same time ? 

A715. 1380 bushels. 

29. Allowing 20 pieces of artillery to demolish a fortress in 
48 hours, in what time ought one piece to demolish the fortress I 

j> Ans, 960 hours. 

30. A lent B 8 yoke of working oxen, for 13 days. How 
long ought B to lend A 1 yoke, to requite the favor % 

Ans, 104 days. 

31. C exchanges silk, at 1 dollar per yard, with D, for broad- 
cloth, at 7 dollars per yard. How many yards of silk should 
be given for 125 yards of broadcloth % Ans, 875 yards. 

32. Two merchants barter as follows: A gives 75 yards of 
cloth, at 9 dollars per yard, to B, for 109 beaver hats, at 7 dol- 
lars apiece; the deficiency on eiUier side being made good in 
money. Which of them receives money, and how much 1 

Ans, B receives 88 dollars. 

33. A gave B 3 horses, and 30 head of cattle, for 50 barrels 
of flour and 200 barrels of corn. A sold the flour at 6 dollars, 
and the corn at 3 dollars a barrel; while B sold his horses 
-at 120 (Ipllars, and his cattle at 25 dollars, each ] Which of 
the two gained by the trade,, and how much % 

Ans, B gained 210 dollars. 

34. Find the Product 10X24738730. Ans, 247387300. 
36. Find the Product 200X3076801. Ans. 615360200. 
36. Find the Product 1200X706840. Ans, 848208000. 
87. Find the Product 90X10707800. Ans, 963702000. 

38. Find the Product 300X7060000. Ans, 2118000000. 

39. Find the Product 1100X870003. Ans, 957003300. 

40. Find the Product 12000X70000. Am, 840000000. 
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RULE VI. 

§ 4 '5. Tb MvXtiply by any Number exceeding 12, arid corUatn- 
ing two or more significant figures. 

1. Multiply by each significant figure, separately, of the 
multiplier, — placing the several rows of products one under 
another, with the first figure of each product under the mvUi- 
flying figure, — and, in that order, add the several products to- 
gether for the entire ^0(it«;/. 

2. Ciphers in Vie right of either or both of the factors, are 
omitted in multiplying; but as many Os must be placed in tlie 
right of the product. 

EXAMPLES. 

1. To Multiply 8072 by 39; that is, to find 39 times 8072. 

8072 
39 

72648 
24216 



314808 



Multiplying first by 9, we say 9 times 2 is 18, and set the 
first product figure 8 under the multiplying figure 9; then, 9 
times 7 is 63, and 1 makes 64; 9 times is 0, and 6 makes 6, &c. 

Multiplying next by 3, we say 3 times 2 is 6, and set the 6 
under the multiplying figure 3; 3 times 7 is 21; 3 times is 0, 
and 2 is 2, &c. 

Adding the two rows of product figures together, in the 
order in which they stand, we say 8 is 8 ; 6 and 4 are 10, &c. 

The entire Product is 314808. 

2. To Multiply 8420 by 30900; or to find 30900 tim^ 8420; 



842 
309 




00 



7678 
2526 

2 6 0178000 



Omitting Os in the right of both factors, we multiply 842 by 
809, setting the first figures, 8 ^d 6, of the products under tlie 
multiplying figures, 9 and 3, respectively. To the product thui 
found, we annex tlu'ee Os, for the Os omitted in multiplying. 



/ 



28 MULTIPLICATION; 

Q;jf* When the multiplying figure is tens, or hundreds, &c., the first 
product figure is set under tens, oi hundreds, 6cc,, respectively , to increase 
the product in the same degree in which the multiplying figure is in- 
creased in value, by distance from the unit's place (§ 16). 

In the first example, 2 multiplied by 3 produces 6. But the 3 is 3 
tens, or 10 times the simple 3 ; the 6 must therefore be 10 times the sim- 
ple 6 ; and this tenfold value is assigned to G by setting it under the 3 
tens, and adding it in the ten's column. 

In the second example, we multiplied 842 by 309. In 309 the 3 is 3 
hundreds, or 100 times the simple 3. The &rst product figure 6 must 
therefore be 100 times the simple 6 ; and this hundredfold value is as- 
signed to 6 by setting it under the 3 hundreds, and adding it in the 
hundreds* column. 

The first product figure being set in its proper place, the second, third, 
&c., &11 in their proper places, in ascending orders of units towards the 
lefl.. — The sum of ihe partial products is the entire product (§ 23). 

As already shown, in connexion with Rule V, for each omitted in the 
right of either factor, a must be placed in the right of the product. «0) 

EXERCISES. 

41. Find the Product 24X360730. A7is. 8657620 

42. Find the Product 307X80379. Ans, 24676363. 
• 43. Find the Product 6372X7684. Ans, 41278448. 

44. Find the Product 80760X870. Ans, 70261200. 

46. Find the Product 13X730000. Ans, 9490000. 

46. Find the Product 740X87306. Ans, 64606700. 

47. Find the Product 9034X8076. Ans. 72968684. 

48. Find the Product 30407X307. Ans, 9334949. 

49. Find the Product 400070X990. Ans, 396069300. 

60. The number of yards in a mile being 1760, how many 
-yards are there in 16 miles 1 

The number of yards in 16 miles is 16 times 1760 yards, 

Ans: 26400 yards. 

61. There are 24 hours in one day. How many hours then 
are there in a year of 365 days 1 

The nurnber of hours in a year is 366 times 24 Jimirs; but 
24 times 366 will produce the same number, and it is more 
convenient to make the less number the midtiplier. 

Ans. 8760 ^ours. 

62. A hogshead of wine or brandy contains 63 gallons. 
How many gallons would there be in 250 hogsheads? 

^ Atis, 16750 gallons. 

63. What sum should be paid for a plantation containing 
765 acres, at 43 dollars per acre ? Ans. 32896 doUani. 
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64. If a man can walk 35 miles in a day, how far could he 
A'alk, at that rate, in a year, or 365 days.] Ans. 12775 miles. 

55. A has 340 acres of land worth 18 dollars an acre; and 
B has 239 acres worth 22 dollars an acre. How many acres 
have the two together, and what is the value of the whole. 

Ans, 579 acres; and 11378 dollars. 

56. A merchant bought 475 barrels of flour, at 16 dollars a 
barrel. He sold 280 barrels of it, at 16 dollars, and the rest 
at 14 dollars a barrel; what did he gain or lose 1 

Atis, gained 85 dollars. 

57. One manufacturer exported 234 bales of cotton cloth; — 
each bale containing 2400 yards; another exported 370 bales, 
each containing 1050 yards. Which of them exported the 
greater quantity, and by how many yards ] 

Ans, The first, 173100 yards. 

58. Farmer A had in wheat 205 acres, which produced 27 
bushels per acre. Farmer B had 320 acres, which produced 
19 bushels per acre. What quantity of wheat was raised by 
them both. Ans. 11615 bushels. 

59. A speculator bought 150 head of cattle, and 47 mules. 
He made a profit of 13 dollars a head on the former, and 17 on* 
the latter; what was gained by the speculation 1 

Ans. 2749 dollars. 

60. Bought 360 acres of land, at 35 dollars per acre; and at 
another time double that quantity, at double the price per acre. 
What was the whole quantity of land purchased, and the sum 
paid for if? Ans. 1080 acres; and 63000 dollars. 

61. Two persons start together from the same place, and 
travel in the same direction. One proceeds at the rate of 29 
miles per day, and the other at the rate of 31 miles per day. 
What distance will be between them at the end of 25 days 1 

Ans. 50 miles. 

62. A merchant bought 18 bales of linen, each containing 
22 pieces, and each piece containing 40 yards. How manj^ 
pieces apd how many yards did he buy 1 . 

Ans. 396 pieces; and 15840 yards. 

63. In a certain orchard there are 30 rows of apple trees, 
with 44 trees in each row. Allowing 2500 apples to each tree 
what number of apples Would there be in the orchard I 

Atw. 3300000 apples. 

64. A farmer bought three tracts of land. The first and 
second contained each 280 acres, and the third as many as both 
the other two; how many acres did the farmer pinrchase, and 
what did the whole amount to, at 33 dollars per acre 1 

Ans. 1120 acres; and 36960 dollars. 



30 ' EXERCISES IN MULTIPLICATION. 

65. Allowing a person's annual income to be 6000 dollars, 
and his daily expenses 3 dollars, what would be the amount of 
his annual saving, — there being 365 days in a year 1 

Ans. 3905 dollars. 

66. If 327 head of cattle were purchased at 13 dollars a 
head, and 405 were purchased at 11 dollars a head, what would 
be the profit or loss on the whole at 12 dollars a head ? 

Ans. Profit, 78 dollars. 

67. A planter sold 139 bales of cotton, at an average of 32 
dollars per bale, and out of the proceeds bought 29 mules, at 
49 dollars each, and 4 pair of oxen, at 52 dollars a pair; what 
sum had be left from the sale of his cotton ? 

Ans. 2819 dollars. 

68. A'Sends 209 tons of coal to New York city; B sends as 
much as A, wanting 10 tons; and C sends as much as A and 
B together. What was each man's proceeds of sale, at 13 
dollars per ton T Ans. A's 2717 dollars; B's 2587; C's 5304. 

69. The President of the United States receives a salary of 
26 thousand dollars a year. To what sum does his salary 
amount in 4 years, or one presidential t^rm % 

An^. 100000 dollars. 

70. The circumference of the Earth is about 25 thousand 
miles, and the distance to the Sun is 3 thousand 8 hundred 
times the Earth's circumference. What then is the distance 
to the Sun 1 Ans. 96000000 miles. 

71. The velocity of light is 192 thousand 500 miles per 
second. Through what distance then does light move in one 
minute, which is 60 seconds ? Ans. 11550000 miles. 

72. The Earth turns around its axis once in every 24 hours, 
and moves 68 thousand miles an hour in its orbit around tLe 
Sun. How far then are we carried along the Earth's ori .t 
during one revolution of the Earth on its axis 1 

Ans. 1632000 milct. 
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DIYISION. 

§ ^li?. Division consists in finding how many times a greater 
lumber contains a less, or what part a less number is of a 
^eater. 

The number to be divided is called the dividend; the dividing 
number the divisor; and the number or part found, the quotient. 

One hedf is one of the two equal parts, — two thirds are two 
of the three eqiutl parts, — and so on, into which any quantity 
may be divided. 

What is meant by one third ? By one fourth ? By three fourths ? 
By one Jifih ? By two fifths ? By one tenth ? By five iiiniJis? 

When we say 2 is contained in 6, 3 times, we divide 6 by 2 • 
6 is the dividend, 2 the divisor, and 3 the quotient* 

Also, 2 is one third of 6, because if 6 were divided into three 
equal parts, each part would be 2. 

How many times is 3 contained in 6 1 3 is what part of 6 ? 

How many times is 4 contained in 12? 4 is what pjit of 12? 

How many times is 5 contained in 20 ? 5 is what part of 20 ? 

If the dividend be 24, and the divisor 4, what will the quotient be 1 
If the dividend be 35, and tlie divisor 5"? If the dividend be 42, and the 
divisor 7 ] If the dividend be *56, and the divisor 8 1 

§ 47. The Quotient of a less number divided by a greater, 
is the part that the less is of the greater; and is denoted by the 
less over the greater, with a line between them. 

Thus 1 divided by 2 is -J one half, because 1 is on^ half of 2. 

How mach is 1 divided by 3 ; that is, I is what part of 3 ? 

How much is 1 divided by 4 1 1 divided by 6 1 1 divided by 6 1 

How much is 2 divided by 3 ; that is, 2 is what part of 3 ? 

How much is 2 divided by 6 1 2 divided by 7 ? 3 divided by 5 1 

Subtraction and Division. 

§ 48, The subtraction of a less number fro^ a grea^r, 
repeatedly, is equivalent to dividing the greater by the less, 
because it shows how many times the greater caitains the less. 

Thus 5 from 16 leaves 10, 5 from 10 leaves 5, and 6 from 5 
leaves 0; so that 5 may be subtracted 3 times from 15, or is 
contained 3 times in 15. 
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How many times may 5 be subtracted from 20 1 How many times 
may 6 be subtracted from 24 ? 7 from 35 ? 8 from 48 1 

Multiplication and Division. 

§ 49. Multiplication and Division are tlie reverse ofeacJi other. 

In Multiplication, two numbers or factors are given, to find 
their product; in Division, t product and one of its factors are 
given, to find the^ other factor. 

The product being 15, and one factor 3, what is tlie other factor? 
The product being 30, and one factor 5, what is the other factor 1 
The product being 36, and one &ctor 9, what is the other factor 1 
The product being 63, and one factor 7, what is the other factor 1 

JReciprocal of a Number. 

§ 50, The reciprocal of a nilmber is a unit or 1 divided by 
that number. 

Thus the reciprocal of 2 is ^, and of 3 is ^. 

What is the reciprocal of 4 ? Of 5 ? Of a 1 Of 10 1 Of 20 ? 

The Quotient as a Part of the Dividend. 

§ 51. The Quotient is always such a part of the dividend 
as is expressed by the reciprocal of the divisor. 

Thus 16 divided by 6 gives 3, and 3 is ^ of 15. 

Again, if we divide 2 by 3, the quotient will be f (§ 47); and 
since two thirds of any quantity is one third of tico such quan- 
tities, } is equal to J of 2; such a part of the dividend 2 as is 
expressed by the reciprocal of the divisor 3. 

^ of I cent is what part of 3 cents ? 5 of 1 is what part of 3 1 
I of 1 pint is what part of 2 pints 1 2. of 1 is what part of 2 ? 
5. of 1 mile is what part of 5 miles ? ^ of 1 is what part of 5 '? 

|- of 5 cents is what part of 1 centi ^ of 5 is what part of 1 T 
jf. of 7 pints is what part of 1 pint 1 |^ of 7 is what part, of 1 1 
J of 8 miles is what part of 1 mile 1 ^ of 8 is what part of 11 

How would you find ^ of any number 1 ^ of any number 1 4 of 
any number ? tV o^ any number 1 -^^ of any number ] 

Sig^n of Division 

§ 52. The sign -r-, called by, placed between two numbers, 
signifies that the first of them is to be divided hy the second. 

Thus 36-^9, 36 hy 9, signifies that 36 is to be divided by 9 
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How many is 24-J-6? 35-f-7? 63-T-9? 100-^I0'? 144-M2? 
How much is 5-^-13 ? 8—231 9-T-341 11—65? I3-J-95 ? 

Division is also denoted by the dividend over the divisor with 
a line between them. 

Thus ^^ denotes the same as 63-7-9. 

Quotient of C<mcrete Numbers. 

§ 5iJ« When the dividend and divisor are similar concrete 
numbers, the quotient is the number of times the dividend 
cxmiains the divisor^ or ih^part the dividend is of the divisor. 

Thus 12 ce7ife-f-3 cents gives 4; and 12 cents-f-13 cents 
gives If (§ 47). 

How many times 4 miles in 12 miles? 5 pounds in 30 pounds'! 
6 inches in 42 inches?^ 7 yards in 77 yards 1 12 dollars in 96 dollars 7 

What part is 3 days of 7 days 1 What part is 9 ounces of 20 ounces "^ 
What part is 20 feet of 49 feet 1 

§ 54. When the dividend and divisor are c?wsmz76tr concrete 
numbers, the quotient is such a part of the dividend as is ex- 
pressed by the reciprocal of the divisor taken abstractly. 

For example, if 5 pencils cost 20 cents, one pencil will cost 
20 ce7ife-^5j that is, \ of 20 cents, which is 4 cents. 

If 3 slates cost 36 cents, what will one slate cost? If 4 hats cost 16 
dollars, what will one hat cost 1 If in 9 hours a stage runs 54 miles, 
at what rate does it run per hour ? 

RemairCder in Division. 

§ 55. A remainder, in Division, is an overplus or excess of 
the dividend above so many times the divisor as it is contained 
in the dividend. 

Thus 5 is contained in 17, 3 times, with 2 over, since 3 times 
5 is 15; then 2 is the remainder of the dividend. 

If the divisor be 6, and the dividend 27, what will the quotient and 
the remainder be 7 If the divisor be 8, and the dividend 45 1 If the 
divisor be 9, and the dividend 70 1 

§ 5f • The remainder divided by the divisor, and so annexed 
to the quotient, completes the quotient. 

Thus 17-r-5 gives quotient 3, and remainder 2. This 2-f-5 
gives ^ (§ 47); the complete quotient is then 3f , three and two^ 
fifths. 

In like manner find the quotient of 9-f-2. Of 13-^4. Of 21—5. 
Of27-r-6. Of 30-f-7. Of 4l-r-8. Of IOO-t-9. , 

> 

3 
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Constant Quotient, 

§ >T, The quotient of two numbers remains the same, when 
those numbers are both multiplied^ or both divided, by the same 
number. 

For example, 6-f-2 gives 3, and 5 times 6-r-5 times 2, thai 
is, 30-^10, also gives 3. By reversing the process, we find 
30-^10 equal to i of 30-r-J of 10- 

RULE VII. 

§ 5§. To Divide by a number not exceeding i2; or by such 
Number with Os annexed, 

1. Take figures enough in the left of the dividend to contain 
the divisor, and set down the number of times -the divisor goes 
therein, noting the eoccess, if any. 

2. Take the next figure of the dividend; with the preceding 
excess, if any^ prefixed, anS set the number of times the divisor 
is found therein on the right of the first quotient^ if the divisor 
will not go tlierein, put a in the quotient, said include the next 
figure in dividing; and so on. 

3. Ciphers in the right of the divisor are omitted in dividing; 
but as many figures must be omitted in the right of the divi- 
dend, and annexed to the remainder. If there be no other 
remainder, tliese figures will form the remainder. 

4. When the divisor is 10 or 100, &c., take for the remainder 
as many figures from the right of the dividend j^s there are Os 
in the right of the divisor, and the other figures of the dividend 
for the quotient, 

5. Under the remainder, if any, set the given divisor, and 
annex the part so found to the quotient. 

EXAMPLES. 

1. To divide 7806 by 3. 

3 )7805 

260 If 

We sajr, 3 in 7, twice, and 1 over; prefixing the 1 to the nrexi 
figure 8 of the dividend, we have 18; 3 in 18, 6 times; 3 in 0, 
time; 3 in 6, once, and 2 over. This excess 2 is the remain- 
der, — under which setting the divisor 3, we have f lo annex to 
the quotient ($ 50). 
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The quotient 260l| shows that the dividend 7805 contains 
the divisor 3, 2601 times, and f of the divisor, besides. 

The quotient is also J of 7805 (§ 61.) 

2. To divide 13127 by 120. 

12|0 )13 12|7 

Omitting the in the right of the divisor, and the 7 in the 
right of the dividend, we say, 

12 in 13 once, and 1 over; prefixing the 1 over to the next 
figure of the dividend, we say 12 in 11, time; including the 
next figure 2 of the dividend, we say 12 in 112, 9 times, and 4 
over. 

Annexing the 7, omitted, to the 4, we have the remainder 
47, under which setting the ffiven divisor 120, we have -^^ to 
annex to the quotient. 

3. To divide 14723 by 100, we take the two figures 23 from 
the right of the dividend, for the remainder, and the other 
figures 147 for the quotient. 

Hence the complete quotient is lAlf^^, 

(Tj* The figures of the dividend first taken in dividing, have a heal 
value 10 times, or 100 times, &c., their fdmple value, according as OJie, 
or iivo, &c., figures follow them on the right (§ 16); and the first quo- 
tient figure must therefore have 10 limes, or 100 times, &c., its simple 
value. The proper local value is assigned to the quotient figure, by the 
succeeding quotient figures,— these being always just as many as the 
succeeding figures of the dividend. In lilie manner each quotient figure 
receives it^ proper value. 

The excess belonging to any particular place in the dividend, is so 
many tens in the next place on the right (§ 11); and is made tens to 
the next figure by prefixing it to that figure. 

In the second example, we divided 12 in I3f2, instead of 120 in 
13127. But 120 is 10 times 12, and 13127 is 13120-|-7, or 10 times 
l3I2,-|-7; and 12 in 1312 gives the same quotient as 10 times 12 in 
10 times 1312 (§ 57). 

In the same way it may be shown that any number of Os may be 
omitted in the right of the divisor, if an equal numlier of figures be 
omitted in the right of the dividend. .TD 

The Operation Proved. ' 

§ 59. Division may be verified or proved, hy multiplying the 
divisor and quotient together, and adding the remainder, if any, 
to the product; the result must be equal to the dividend. 
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EXERCISES. 

1. How many barrels of apples, at 2 dollars per barrel, may 
oe bought for 150 dollars 1 

The number of harrds that rhay he bought, is the number of 
timjes that 2 dollars is contained in 150 dollars (§53). 

Arts, 76 barrels. 

2. At 3 dollars per yard, how many yards of broadcloth may 
be purchased for 387 dollars '* Ans, 129 yards. 

3. How many cords of wood, at 4 dollars per cord, may be 
purchased for 600 dollars 1 Ans. 150 cords. 

4. At 5 dollars apiece, how many superfine beaver hats may 
be purchased for 3700 dollars ? Ans. 740 hats. 

5. How many dozen of shoes, at 6 dollars per dozen, may be 
purchased for 750 dollars 1 Ans. 125 dozen. 

6. There being 7 days in a week, it is required to find how 
many weeks there are in 728 days 1 A 5. 104 weeks. 

7. If one box will hold 80 pair of shoes, how many of such 
boxes will be required to contain 1840 pair 1 Ans. 23 boxes. 

8. At the rate of 900 dollars each, how many dwelling 
houses could be built for 11700 dollars! Ans. 13 houses. 

9. At 11 dollars each per month, how many laborers could 
be hired a month for 2530 dollars ? Ans. 230 laborers. 

10. At 120 dollars apiece, how many fine horses could I pur- 
chase for the sum of 4200 dollars ] An^. 35 horses. 

11. What quantity of flour could be bought for 3 dollars, 
when the price is 5 dollars per barrel ! 

One dollar would buy \ of a barrel; hence 3 dollars would buy | 
of a barrel. 

Or, 3 doUars would buy the same part of a barrel that 3 dollars 
is of 5 dollars: 3 dollars is ^ of b dollars (§ 47). 

Ans. § of a barrel. 
12^ At the rate of 15 dollars per ton, what quantity of hay 
could be bought for 7 dollars ] Ans, y\ of a ton. 

13. If land sell at the rate of 50 dollars per acre, what quan- 
tity of land could be purchased for 17 dollars ] 

Ans, ]-J of an acre. 

14. A ferryboat is valued at 100 dollars. What share or 
interest in the boat could be purchased for 37 dollars 1 

Ans. y\j^ of it. 

15. A person who undertook a journey of 425 miles, hav- 
ing traveled 89 miles; what part of the journey has he 
accomplished 1 An>s. :^^'j of it. 

16. A manufactory is estimated to be worth 120(56 dollars. 
What interest in it could be purchased for 2143 dollars 1 

Ans, y^^Vto of it. . . 
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17. What quantity of cloth, at 10 dollars a yard, oi%'ht I to 
have for 503 dollars I 

The divisor leing 10 tee omit the 3 in the right of the dividend^ 
503, and thusjind 10 in 503, 60 times, with remainder 3. 

The quotient is therefore SO/j. 

The 50 ti^es 10 in 503 gives 50 yards, and the 3 dollars over 
win buy -jp^ of a yard. Atis, 50 ,^g yards. 

18. At 3 dollars per cord, \vhat quantity of wood might be 
bought for 175 dollars 1 Atis. 58 J cords. 

19. At the rate of 7 miles an hour, how many hours would 
a stage coach be in running 975 miles 1 Ans. 139^ hours. 

20. Allowing a workman to build 9 rods of fence in a day, 
how many days would he require to build 1603 rods 1 

Ans, 178 J days. 

21. How many tons of hay, at 11 dollars per ton, may be 
piu-chased for 3071 dollars 1 Ans. 279 fy tons. 

22. How many acres of land, at 40 dollars per acre, may be 
bought for 7309 dollars 1 Ans. 182f J acres. 

23. How many tons of steel, at 120 dollars per ton, may be 
bought for the sum of 1577 dollars ] Ans. 13 J^ir tons. 

24. Allowing 30 days to make a month, how many months 
would there be in 200 days4-177 days 1 Ans. 12.!!! months. 

25. A has 2345 dollars, and B 3000 dollars. What quantity 
of land can the twp together purchase, at the rate of 50 dollars 
per acre 1 Ans. 106 ^i; acres. 

26. A farmer sold beef for 130 dollars, and pork for 200 
dollars. With the proceeds of these sales, he wishes to pur- 
chase corn at 3 dollars per barrel; what quantity can he buy ] 

Ans. 110 barrels. 

27. A merchant sold cloth for 423 dollars, cotton for 125 dol- 
lars, and silk for 300 dollars; and invested the proceeds in 
sugar at 12 dollars per barrel. How many barrels of sugar 
did he buy 1 Ansr 70 fV barrels. 

28. If 5 acres of ground sell for 163 dollars, what is the 
price per acre ] 

One acre being \ of 5 acres, is worUi I o/ 163 dollars; which 
is 163 dollars-i-5 (§51 and 54). A7is. 32? dollars. 

29. If a man travels 200 miles in 6 days, at what rate does 
he travel per day 1 Ans. 33jJ miles. 

30. If 7 head of horses sell for 85u dollars, what will be the 
average sum received for each] Ans. 121iJ dollars. 

31. Allowing 1703 acres of land to be divided into 8 farmf 
of equal size, what will be the number of acres in each! 

A71R. ^\^\ \lC?CCb%, 
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32. If 100 yards of li en cost 67 dollars, what is the price 
per yard 1 . 

One yard costs ^^7, of 57 dollars, or 67 dollars-i^lOO; which is, 
/fJ^f of a dollar (§ 47 and 61). Ans. j% of a dollar. 

33. If 60 bushels of corn sell for 13 dollars, what is the 
selling price per bushel 1 Ans. l'- of a dollar. 

34. If 3 plantations of equal value sell for 841il dollars, 
what sum would be received for each 1 Ans. 2830^ dollars. 

35. If 8 vards of Irish linen amount to 7^dollars, at what 
price per yard does the linen sell 1 Ans. I of a dollar. 

36. If the construction of 4 bridges on a turnpike road, cost 
14803 dollars, what is the average cost of each I 

Ans. 3700| dollars. 

37. Allowing 600 acres of ground to produce 24000 bushels 
of wheat, what would be the produce per acre l 

Ans. 40 bushels. 

38. Allowing 900 barrels of flour to sell'for 9900 dollars, 
what would be the selling price per barrel 1 Ans. 11 dollars. 

39. A capital stock of 226000 dollars is held in 1000 equal 
shares. What is the amount of each share ] 

Ans. 225 dollars. 

40. A farmer has 70 acres of land worth 2450 dollars, and 110 
acres worth 4500 dollars. What is the whole worth, and what 
is each tract worth per o.cre ? (The whole, 6950 dollars; 

Ans. -^The 1st, 35 dollars, and 

(The 2d, 40 J ^"J dolls, per acre. 

41. A drover bought 64 head of cattle at one time, and 66 
head at another time, — the whole amounting to 1800 dollars 
What was the average cost per head ] Ans. 15 dollars. 

42. A planter bought 7 mules at 35 dollars apiece, 4 at 40 
dollars apiece, and 9 at 37 dollars apiece. What sum was 
paid for all, aud what was the average sum paid for each 1 

Ans. 738 dollars for all; and 36y- for each. 

43. In how many days could 10 men accomplish the same 
amount of work that one man could do in 349 days 1 ^ 

10 men could do the work in yV o^ the time in which 1 man 
would do it; that is, in j\y of 349 days. Ans. 34^^ days. 

44. In how many days ought 7 masons to build a wall which 
one mason could build in 175 days] Ans. 25 days. 

45. How long ought 20 men to subsist on a stock of provi- 
sions which would suffice one man 433 days? A7is. 21^^ days. 

46. How long ought J 2 horses to be fed on a quantity of oata 
which would be sufncitint for 1 horse 186 days? 

Ans. 15,% days. 
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47. How long might 30 workmen be employed for a sum of 
money which would pay 1 workman for 401 days? 

-4.715. 131} days. 

48. In how many days could 10 men accomplish the same 
amount of work that 13 men could do in 349 days ] 

1 man would do tlie work in 13 times 349 days, and 10 men 
would do it in Yo of the time in which 1 man would do it. 

Ans. 463 ^Q days. 

49. If 34 men can raise the walls of a fortification in 27 
days, in how many days could 20 men do the same 1 

Ans. 45^-5- days, v 

60. How long" should 12 teams be employed in doing an 
amount of hauling which 23 teams could accomplish in 65 
days I Ans. 124j-\ days. 

61. Allowing that 75 laborers could pave a street in 123 
days, in how many days could 120 laborers pave the street ] 

Ans. 76f|g days. 
52. A merchant bought 20 yards of cloth for 143 dollars; 
and, at another time, 30 yards for 165 dollars. At what price 
per yard was each purchase made) ^ JThe 1st, 7-^^ , and 

. ^^^' ^The 2d, Sjj dollars. 
63. A farmer sold his farm containing 273 acres, at 35 dol- 
lars per acre, and immediately invested the proceeds in another 
farm at 60 dollars per acre. How many acres did he buy 1 

Ans. 1914, acres. 
54. A plantation containing 1200 acres, was exchanged for 
another containing 1000 acres, and worth 53 dollars per acre. 
At what price per acre was the first plantation rated I 

Ans. 44f^Vo dollars. 
65. A gentleman having on hand 5000 dollars, took 2300 
dollars to purchase bank stock, at 100 dollars a share, and 
divided the remainder equally among three benevolent institu- 
tions. How many shares of stock did he purchase, and what 
sum did each institution receive ] 

Ans. 23 shares; and each inst'n rec'd 900 dollars. 



56. Find the Quotient of 437630- 

57. Find the Quotient of 873007- 

58. Find the Quotient of 703687- 

59. Find the Quotient of 937863- 

60. Find the Quotient of , 768377- 
'61. Find the Quotient of 3800370- 

62. Find the Quotient of 70307600- 



.9. Ans. 48625;}. 

■XI. Ans. 79^64f\. 

■20. Ans. 35I842V 

-110. Ans. 852Qrh' 

■120. Ans._ 6403p*^. 

-300. Ans. 126671 J?. 

-700. An5. 100439?^. 
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RULE VIII. 

§ ^-O. To Divide by any Numher exceeding 12, and containing 
ttDO or more significant figures. 

1. Take figures enough in the left of the dividend to contain 
the divisor, and on the right set the number of times the divisor 
goes therein. 

2. Multiply the divisor by the quotient figure, and subtract 
the product from those figures of the dividend which were taken 
in dividing. 

3. Bring down the next figure of the dividend, annexing it 
to the remainder, if any. Divide into the number so obtained, 
and set the quotient figure on the right of the first one; if the 
divisor will not go in the number, set a in the quotient, and 
bring down the next figure of the dividend. 

4. Multiply the divisor by the last quotient figure— subtract 
the product from the numher last divided, — bring down the nexj 
figure of the dividend, and so on. 

6. Ciphers in the right of the divisor, and the final remainder, 
are to be treated as directed in Rule vii. 

EXAMPLE. 

To divide 210490 by 690. 

69l0)21049|0(306gVV 
207 



349 
345 



40 

Omitting the in the right of the divisor, afid one figure \ii 
the right of the dividend, we say 

69 in 210, 3:times, and set the 3 on the right,' multiplying 
the 69 by 3, we get 207; subtracting 207 from 210, the re- 
mainder is 3; armejcing the 4 from the dividend to the remain- 
der 3, we say 69 in fi4, time; annexing the 9 from the divi- 
dend, we say 69 in 349, 6 times; multiplying 69 by 5, we get 
346; subtracting 345 from 349, the remainder is 4, to which 
annexing the omitted4n.the dividend, the remainder becomes 
40. Under the remainder, setting the given divisor 690, we 
'^ave ^"^ to annex to the quotient. 

The quotient 306^ shows .that the dividend contains the 
divisor 305 times, and ^-^-^ of the divisor, besides. It is also 
^ of the dhidend (§ 51). 
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In dividing by this method, observe that the product of the 
divisor and any quotient figure, must be less than the nwmher 
from which it is to he svhtracted; and that the remainder must 
always be less than the divisor, 

03" This Rule differs from Rule VII, only in requiring the products 
and remainders to be written down. By Rule VII, the divisor being a 
small number, the mulltplication and subtraction are carried on men- 
tally. Both Rules depend on the same principles. ^TD 

Proof by Addition, 

§ ftl. The operation by the last Rule may be proved, mosi 
readily, by adding up the remainder, if any, and the several 
products of the divisor and quotient figures, in the order in which 
they stand. The Sum must be equal to the dividend. 

For the preceding example the proof may be presented thus: 

2 07 
346 
40 

The Sum 2 10 4 9 is equal to the dividend. 



EXEBCISES. 



63. Find the Quotient of 

64. Find the Quotient of 

65. Find the Quotient of 

66. Find the Quotient of 

67. Find the Quotient of 

68. Find the Quotient of 



34793-^21. Ans. 

70370-7-32. Ans. 

64783-7-430. Ans. 

730864-7-56. Ans. 

207863-7-340. Ans. 

734764-7-431. Ans. 

973100-2-3220. Ans. 

Ans. 



69. Find the Quotient of 

70. Find the Quotient of 8746346-7-5473. 

71. Find the Quotient of 98300794-^3290. 

72. Find the Quotient of 37034803-^40700. Ans. 909Jff J?. 

73. Find the Quotient of 13476390-7-53001. Ans. 254i4J3f . 



1656if. 

13051/^. 

611^. 
1704JA0. 

3023^^0. 
1598VWV. 



Atis. 2987811^-^. 



74. At the rate of 32 miles per day, how many days would 
a person be employed in walking 3968 m'les 1 

The number of days will be the number of times 32 in 3968. 

Ans. 124 days. 

75. If 45 acres of ground sell for 1039 dollars, what )s the 
price per acre ] 

The price per acre is j\ of 1039 dollars. Atis. ^^^^^^^ ^q\W% 
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76. Allowing 365 days to make a year, how many years are 
there in 9130 days 1 Ans. 25j|-y years. 

77. In how many days could 63 men accomplish a piece of 
tvork which one man could do in 1000 days ? 

Ans. 15J4 days. 

78. Allowing a harrel to contain 196 pounds of flour, how 
many barrels could be filled with 4900 pounds 1 

Ans. 25 barrels. 

79. There being 1760 yards in a mile, find how many miles 
there are in 65129 yards. Ans. ^'Iytei) miles. 

80. How many days would 21 horses subsist on an amount 
of food which would suffice one horse 300 days ] 

Ahs. 14 jj days. 

81. Allowing a steamboat to run 275 miles in a day, in what 
time would she make a trip of 5349 miles'? Ans. 19}^ 4 days. 

82. A has 340 head of cattle worth 9860 dollars, and B has 
760 acres of land worth 32680 dollars. Required tlie value of 
A's cattle per head, and of B's land per acre. 

Ans. 29 dollars; and 43 dollars. 

83. Having a tract of land containing 540 acres, I wish to 
divide it into fields containing 45 acres each. What number 
of fields will it make 1 Ans. 12 fields. 

84. In how many days ought a company of 54 men to com- 
plete an excavation, if 75 men could do it in 150 days ] 

Ans. 208 i 5^ days. 

85. A company of 100 men have provisions sufiicient for 4 
months. If 33 men depart from the company, how long will 
the same provisions suffice the remainder 1 

After 33 men depart, 67 men xdU remain. The question, then, 
is, how long may 67 men subsist on provision's which would sup- 
port 100 men for 4 months. Ans. 5§f months. 

86. If 27 barrels of flour be worth 135 dollars, what are 350 
barrels worth, at the same price per barrel ] 

One barrel is worth 135 dollars-f-27; and 350 barrels are worth 
350 times as much as one barrel is loorth. Ans. 1750 dollars. 

87. If 39 acres of ground produce 2184 bushels of corn, 
how many bushels will 280 acres produce at the same rate ] 

Ans. 15680 bushels. 
.88. A merchant bought 250 yards of cloth for 1750 dollars, 
and sold 133 yards of it at the same price at which he bought 
it. What did the cloth sold amount to ] Ans. 931 dollars. 

89. What sum of .money ought a workman to earn in 603 
weeks, allowing that in 297 weeks he could earn 3861 dollars? 

Ans. 6539 dollars. 
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90. A farnjer has 10 head of horses, and oats enough to feed 
them for 6 months. If he purchase 3 more horses, how long 
will his oats suffice to feed the whole number] 

Ans. 3 ' .* months. 

91. A gentleman having on hand 6975 dollars, bought 5 pair 
of oxen, at 45 dollars a pair, and, with the remainder of the 
sum, purchased 230 acres of land. What was the price of the 
land per acre ] Ans. 29 ', dollars. 

92. A person who undertook a journey of 1000 miles, trav- 
eled the first 7 days at the rate of 35 miles per day. How long 
will he be in accomplishing the remaining distance, at the rate 
of 33 miles per day I Ans, 22 .|^ days. 

93. A planter has 2280 dollars to lay out for mules and oxen, 
and wishes to purchase the same number of each. If he pay 
65 dollars a head for mules, and 30 for oxen, how many of 
each can he buy ] 

65+30=95. Then 95 dollars will buy 1 mule and 1 ox; and 
the number of times 95 in 2280 will he the number required, 

Ans. 24 of each. 

94. How many yards of cloth at 7 dollars a yard, 8 dollars 
a yard, and 9 dollars a yard, — the quantity of each kind to be 
the same, — can a merchant buy for 1800 dollars I 

Ans, 75 yards of each kind. 

95. A cistern, the capacity of which is 10000 gallons, is to 
be filled with water by 3 -pipes discharging into it. The first 
pipe discharges 200 gallons per hour, the second and third 
each 150 gallons per hour. In what time will the cistern be 
filled by the three pipes running together 1 Ans. 20 hours. 

96. Another cistern, the capacity of which is 15000 gallons, 
is supplied with water by two pipes, each discharging 325 gal- 
lons, per hour; but, by leakage, the cistern loses 100 gallons 
per hour. In what time would the two pipes, running together, 

. fill the cistern] Ans. 27';; ; hours. 

97. Allowing the Moon to be 240 thousand miles from the 
Earth, and the Sun 95 millions of miles from the Earth; how 
many times the Moon's distance" from us is that of the Sun \ 

Ans. 395^j"jjn'| times. 

98. The velocity of light being 192 thousand 500 miles per 
second, and the distance from the Sun to the Earth 95 millions 
of miles; how many seconds does light require to pass from 
♦he Sun to the Earth] Ans. 493j-yV/uV seconds. 
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EXERCISES ON CHAPTER II. 

Sign of Aggregation. 

§ 62. A parenthesis ( ) is used to denote the Aggregate of 
the inclosed expression; and this aggregate connects with 
whatever sign immediately precedes or follows the parenthesis/ 

Thus (134-'7)X5 denotes the sum of 13 and 7 multiplied by 
6; that is, 20X5. 

1. Find the value of the expression, 

(246+34-l-9+16+l)X4. 

2. Find the value of the expression, 

(370+65+100+3— 90)X5. 

3. Find the value of the expression, 

(500+18+73+26+19)X(7— 2). 

4. Find the value of the expression, 

(7348+400—100) X (437—129). 

6. Find the value of the expression, 
(97746+305+20)-i-(320+30). 

6. Find the value of the expression, 

. (4093757— 307609) X (5083— 3). 

7. Find the value of the expression, 

(73017600— 189976)-f.(763+7). 

8. Find the value of the expression, 

(83073769+23764) X (7307— 4). An5. 606861283499. 

9. Find the value of the expression, 

(7360793— 283746+3848— 600)-i-(75013—l 13). 

10. The sum of two numbers being 35745, and one of the 
numbers 1740, what is the other number ^ Ans. 34005. 

11. The difference of two numbers being 13000, and the less 
number 635, what is the greater number ? Ans. 13635. 

12. The difference of two numbers being 37073, and the 
greater number 739860, what is the less number ] 

Atw. 702787. 

13. The product of two numbers being 96350, and one of 
tie numbers 470, what is the other number 1 . Ans. 205. 



Am. 1224. 
Ans. 2240. 
Ans. 3175. 
Ans. 2355584. 
Ans. 2805Vff- 
Ans. 19233631840 
Ans.Mb^im 
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Two Numbers Found from their Sum and Difference, 

§ 63* The Sum+the difference of two numbers is twice 
the greater number; and the Sum — the difference of two num 
hers, is twice the less number. 

For example, take the numbers 10 and 6. 

Their sum 16-(-thelr differerice 4 is 20, which is twice 10. 
and their sum 16 — their (ufference 4 is 12, which is twice 6. 

14. The sum of two numbers is 80, and their difference is 
20. What is the greater, and what the less number? 

80+20 is 100, twice the greater; and 80^ — ^20 is 60, twice the 
Less; hence the greater number is ^ of 100, ajid the less is ^ of 60. 

An^. 60 and 30. 

15. The sum of two numbers is 1000, and their difference 
is 200. What are the two numbers ] Ans. 600 and 400. 

16. Thfi sum of two numbers being 1840, and their differ- 
ence 600, — ^what are the two numbers 1 Ans, 1170 and 670. 

17. The product of two numbers being 11600 and the mul 
tiplicand 80, what is the multiplier ] Ans. 146. 

18. The product of two numbers being 46400, and the mul- 
tiplier 240, what is the multiplicand ] Ans. 193 ^\"^. 

19. The dividend being 23200, and the quotient 160, what is 
the divisor ] 

The dividend is ^product, and the quo, ^factor, Ans. 145. 

20. The sum of 1728 dollars having been divided equally 
among a number of men, each man received 24 dollars. What 
was the number of men 7 Ans. 72 men. 

21. A and B together have 2300 dollars, and A has 600 dol- 
lars more than B. What sum has each 1 

Ans. A has J400, and B 900 dollars. 

22. An ironmonger bought 16 tons of iron at 39 dollars per 
ton, and 23 tons at 37 dollars per ton. What would he gain 
by selling the whole at 42 dollars per ton 1 Ans. 160 dollars. 

23. C and D together have 4348 dollars, and C has 375 dol- 
lars less than D. What sum has each ] 

Ans. C has 1986^-, and D 2361^ dollars. 

24. A merchant collected from A 230 dollars, from B 303 
dollars, and from C 96 dollars. If he lay out the whole sum 
collected, for cloth at 7 dollars a yard, how much can he buy ? 

Ans. 89^* yards. 

25. A» farmer wishes to fill three kinds'of sacks, containing 
3 bushels, 4 bushels, and 5 bushels, and the same number of 
each kind, with 1728 bushels of corn. How many* sacks can 
he fill ? A?i5. 144 of e^c,Vi kmd. 
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26. A farmer sold wheat for 900 dollars, com for 274 dollars, 
and other produce for 329 dollars. Out of these proceeds he 
bought three pair of oxen at 56 dollars a pair, and paid the 
remainder for 66 acres of land. What did the land cost him 
per acre ] Ans. 20"*^ dollars. 

27. A bought a building lot in town for 76 dollars, which 
was at the rate of 200 dollars per acre, and B purchased 3 pas- 
ture lots, 'each containing 13 acres, for 960 doUars. What 
quantity of ground was in A's lot, and what did B pay per 
acre ] Am. /^ ^^ ^^ acre; and B 24^^ dollars. 

28. If a person's income be 6000 dollars a year, and his ex- 
penses be at the rate of 6 dollars per day, at what rate would 
he save money per day, — there being 366 days in a year ? 

Ans. 8J|^( dollars per day. 

29. An army of 6000 men have provisions for 3 months. If 
1626 men be discharged, how long will the same provisions 
suffice for the remainder *? Ati^. 4 J.f"" months. 

30. A carpenter can earn 4^ dollars a month, but his neces- 
saiy expenditures are at the rate of 24 dollars a month. He 
wishes to purchase a certain lot of ground, which contains 
19 acres, and is held at 36 dollars per acre. In what time can 
he save enough to make the purchase 1 Ans. 31|{ months. . 

31. A sold to B 16 cords of wood at 3 dollars per cord, 63 
parrels of corn at 2 dollars per barrel, and 2 beeves at 3i) dol- 
lars each. In payment, A takes 160 dollars in cash, 3 sacks 
of coffee at 14 dollars a sack, and 20 gallons of molasses. 
What did A's sales amount to, and what did the molasses cost 
him per gallon ] 

Ans. 211 dollars; and ^ of a dollar per gallon. • 
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CHAPTER III. 



eOMFOSITE NUMBERS. — ^FBIME FACTOBS. — COMMON MEASURE. — 

COMMON MULTIPLE. 

COMPOSITE NUMBEES. 



« 

§ 6-1. A composite number is one which is the product of 
two factors, each greater than a unit. 

Thus 4 is a composite number, being 2X2. 

Is 6 a composite number ? Is 7 ? Is 12 7 Is 19 ] Is 36 ? Is 4.5 ? 

Decomposition of Numbers. 

§ 6«5« Decomposing a number consists in. resolving the nuni 
ber into its factors* 

Thus 6 is decomposed when resolved into the factors 3 and 2. 

Into what two faciors may 15 be resolved T 217 33 1 84 ? 99 ? 
Into what tUree factors may 24 be resolved 1 30 ? 70 ] 36 ] 100 7 

§ 66. In Division, the dividend is resolved into two factors, 
one of which is the divisor, and the other the quotient. 

Taking 4 as a factor of 20, what is tbe other factor 1 7 being one 
factor of 66, what is the other factor! 9 being one factor of 108, what 
is the other fector ] 12 being one factor of 144, what is the other factor ? 

Any number whatever may be resolved into itself multiplied 
by a unit. 

Thus 6 is 5X1; 7 is 7X1, &c. 

Sign of EqualUy. 

§ 67. The sign =, equal to, placed between two numbers, 
or numerical expressions, signifies that they are equal to each 
other. 

Thus 12+8=4X5 signifies that the sum of 12 and 8 is equal 
to the product of 4 and 6; and is read 12 plus 8 is equal to 4 
into 5. 



48 COMPOSITE NUMBERS. (^§ 68 

Co7iStant Prodttct of Several J^adors, 

$ 6§. The Product of several factors remains the same in 
whatever order the factors are multiplied together. 

Take, for example, the product 2X3X5. 

Since 2X3=3X2, we have 2X3X5=3X2X5; 
and since 2X5=5X2, we have 3X2X5=3X5X2; and so on, 
there being six different ways in which the factors may be 
multiplied together. 

Division ly the Canceling of Factors, 

§ 69. A Product is divided by either of its faciors by Cancel- 
ing that factor ; or by the product of two or more of its factors 
b)' canceling those factors, (^ 66) \ and 

Equal factors may be canceled from a dividend and its di- 
visor, without changing the value of the quotient, {§ 57). 

The cancellation of a number is denoted by a line drawn 
across it. Thus 2X5, denotes that the 5 is canceled, which is 
equivalent to dividing 2X5, or 10 by 5. 

(30 = 2X3X5)-f-(15 = 3X5), by canceling equal factor s^ be- 
comes (2X;iXi^)-r($X^) = 2; that is, 30-7-15 = 2. 

Cancellation is thus employed-to simplify Division, when the 
dividend and divisor contain equal factors. Its application will 
be seen hcrcarter. 

COMPOSITE MULTIPLIERS AND DIVISORS. 

When a multiplier or divisor can be resolved into factors, 
each of which shall be a numher not exceeding 12, or such num- 
ber with Os annexed, it will sometimes shorten the operation 
to multiply or divide by means of such factors. 

RULE IX. 

§ TO. To multiply l^y means of factors. 

Resolve the multiplier into two or more factors; multiply 
by one of the factors, and the product thence arising by another 
factor; and so on, until all the factors are employed. The 
last product will be the one required. 

EXAMPLE. 

To multiply 345 by 18. 

Resolving 18 into the factors 3 and 6, 
we have 345X3=1035; and 1035X6=6210 

Then 545X18=345X3X6=6210 (§ 68). 



X 
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^ EZEKGISES. 

in perfonning these exercises, use thefaeiors of the multiplier. 

1. Required the value of 147 shares of rail-road stock, at 
the rate of 96 doHars per share. Ans. 14112 dollars. 

2. Allowing 63 gallons to fill a hogshead, how many gallons 
will he required to fill 183 hogsheads ] Ans, 11529 gallons. 

3. A planter sold 230 hales of cotton at an average of 32 
dollars per hale. What sum did he receive for his cotton ? 

Ans. 7360 dollars. 

4. Allowing a ship to sail at the rate of 117 miles per day, 
how many miles would she sail in 108 days ? 

Ans. 12636 miles. 

5. If 56 masons could huild a certain wall in 310 days, in 
how many days could one mason build the same wall 1 

Am. 17360 days. 

6. If 132 clerks can accomplish a certain amount of writing 
in 51 days, in what time could one clerk accomplish 3 times as 
great an amount of writing 1 Ans, 20196 days. 

7. A gentleman purchased 42 bales of cotton cloth, — each 
bale containing 31 pieces, and each piece containing 36 yards 
Required the number of yards that he purchased 1 

Ans, 46872 yards. 

8. A speculator bought a tract of land containing 1200 
acres, at 72 dollars per acre; and afterwards sold (me fifth of 
the tract at 96 dollars per acre. What did he gain on the part 
sold 1 Ans. 5760 dollars 

RULE X. 

^ Yl. To divide by means of factors. 

1. Resolve the divisor into two or more factors; divide by 
one of the factors, and the quotient thence resulting by another 
factor, and so on, until all the factors are employed. The last 
quotient will be the one required. 

2. If a remainder occur in the first division, and in none 
succeeding it, it is the true remainder, 

3. If a remainder occur in the second division, and in none 
succeeding it, multiply it by the first divisor, and to the product 
add the first remainder, if' any, for the true remainder, 

4. If three or more factors he twei, multiply the last remainder 
by the preceding divisor, and to the product add the corres- 
ponding remainder, if any; multiply the sum by the next pre- 
ceding divisor, adding as before; and so oh, until the divisors 
are all included, for tho true remainder, 

4 
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EXAMPLE. 

To divide 273 by 36. 

4)273 



f 



9)68 times, 1 over. 

7 timfes, 5 over. 
Quotient 7, true remainder 21; or quotient T^^. 

Resolving 36 into 4X9> we divide firsti by 4, and the quotient 
68 thence resulting by 9, and obtain 7, the quotient required. 

To find the true remainder, we multiply the second remain- 
der 6, by the first divisor 4, and add the first remainder 1. 
Thus 5X4=20, and 1 makes 21. 

Q^^J" The divisor 4 is only one ninth of the whole divisor 36 ; hence it 
is contained in the dividend 9 timea as often as 36 is. The true quotient 
is then i- of that found for the divisor 4. 

A remainder after the first division is so many units of the dividend. 
A remainder after the second division is so many units of the first quo- 
tient; and since the^rs^ quotient X theirs/ divisor produces the divi- 
dend, a remainder of the first quotient X the first divisor produces the 
corresponding remainder of the dividend. This remainder added to the 
first one, gives the true remainder of the dividend. .TJ) 

EXERCISES. 
In performing these exercises, use the factors of the divisor. 

1. A hogshead of ale or beer contains 64 gallons; how 
many hogsheads then will be filled by 9479 gallons ? 

Ans. 176ff hogsheads. 

2. If 81 men take equal shares of 13846 dollars, how many 
dollars will be the share of each man 1 

How will you find the ansioer to this questionl How do you 
find ^V of f^y nurnberl Ans. I70|y dollars. 

3. Allowing a person to travel at the rate of 46 miles per 
hoiu-, how long will he be in going 586 miles ? 

Ans. 13^V hours. 

4. Supposing 49 fat cattle to. sell for 1976 dollars, what 
would be the average price for each] Ans. 40,}-f dollars. 

6. If one man can reap a field of hemp in 19 days, in what 
time ought 14 men to reap the same field J Ans. 1/^. 

6. In what time ought 72 men to accomplish the same 
amount of work that men could do in 300 days] 

Ans. 37f f days. 

7. If 77 cords- of wood be purofiased for 231 dollars, for 
what sum oug^ht 521 cords to be bought at the same rate 1 

Ans. 1563 dollars. 



(§ 72 — 73.) EXERCISES IN COMPOSITE KUMBEllS. 51 

8. Allowing 144 yards of cloth to sell for 864 dollars, what 
sum should be received for double the quantity of cloth, at 
double the price per yard ] Ans. 3456 dollars. 

9. A garrison of 140 men has provisions sufficient for 64 
days. If 8 of the men depart, how long will the same provi- 
sion/^uffice the remainder of the garrison 1 

Ans, 67|R. J days. 
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§ "72. A prime number is one which cannot be resolved into 
two factors, each greatjpr than a unit; thus 3 is a prime number. 

Is 5 a prime or a domposite number 1 Is 8 ? Is 11'? Is 15 1 Is 23? 
Name all the prime numbers, in succession from 1 to 23. 

§ 73. Every composite number may be resolved into prim^ 
factors; that is, into factors each of which shall be a prime 
number. 

For example, 30 may be at once resolved into 3X10; then 
resolving 10 into 2X5, we have 30=3X2X5; and 3, 2, and 6 
are prime numbers. 

What are the prime factors of 8? Of 20 ? Of 24 1 Of 36 T 
Of 637 Of 161 Of 21? Of 27? Of 33 1 Of 100? Of 10001 

Table of Prim£ Numbers above 23. 

This table, which might be extended without limit, may be 
useful to the pupil, by way of reference, in the application of 
subsequent Rules. 



r 



29 
31 
37 
41 
43 
47 
53 
59 
61 
67 
71 
73 



107 
109 

uy 

127 
131 
137 
139 
149 
151 
157 
16.3 
167 



79173 
83; 179 
601181 
971191 
101193 
103197 



I99i3ll|421 

211 313'431 

223 3l7:4ftt 

•227,o3ll43i) 

2291337,443 

23:3347!449 

239 349 457 

24ll353!461 

351;359!463 

257,3671457 

263'373|479 

269 379' 4 S7 

271383 491 

277 3S9'499 

28l>3!)7|503 

2&3401|509 

293:409:521 

307|419i523 



.141 
547 
357 
563 
569 
571 
577 
587 
593 
599 
601 
607 
613 
617 
619 
631 
641 
643 



647 
853 
659 
661 
673 
677 
633 
691 
701 
709 
719 
727 
733 
739 
743 
751 
757 
761 



769 
773 
787 
797 
809 
SI I 
821 
823 
827 
829 
a39 
S53 
857 
859 
863 
871 
877 
881 



as3 

887 
907 
911 
919 
929 
937 
941 
947 
953 
987 
971 
977 
983 
991 
997 
1009 
1013 



1019 
1021 
1031 
1033 
1039 
1049 
1051 
1061 
1063 
1069 
1087 
1091 
1093 
1097 
1103 
1109 
1117 
1123 



1129 
li51 
1153 
1163 
1171 
1181 
1167 
1193 
1201 
1213 
1217 
1223 
1229 
1231 
1237 
1249 
1259 
1277 



1279 1427 1543 
12n3 1429 1549 
1280,1433 1553 
1291 1439 1559 
1297114471567 
1301 1 1451 1571 
13031453! 1579 
1307 1450 '1583 



1319 
1321 



1471 
1481 



11597 
11601 
13271 1483; 1607 
1361 |l4S7 1009 
1367,1489 1613 
1373I1493 1619 
1381 ; 1499 1621 
139911511 1627 
1409152:3 1637 
1423!l53lll6o7 



1603 
1G67 
1669 
1093 
1697 
1699 
1709 
1721 
1723 
17a3 
1741 
1747 
1753 
1759 
1777 
1783 
17b7 
1789 



1951 



1801 
!8J1|197 
16231979 
1831 I9s7 
lS47jl993 
I801U997 
1867 1999 
1671 2003 
1873 2011 
1S77 2017 
1^79 2027 
1889 2029 
1901 2039 
1907 2053 
19132063 
19312069 
19332081 
19492083 
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PRIME FACTORS. 



(S 74. 



RULE XI. 

§ '74. To resolve a composite number into its prime factors. 

1. Divide the given number by Kny prime number that will 
divide it without a remainder ; divide the quotient in like man- 
ner ; and so on, until the quotient becomes a prime number. 

2. The several divisors and the last quotient will be the prime 
factors required. 

3. If the given number can only be divided by itself, or a 
unit, without a reniainder, it is itself a prime number. 

EXAMPLE. 

To resolve 210 into its prime factors. 

2 )2 1 

3 )105 

6)36 



The prime divisor 2 resolves 210 into 2X105 (§ 66). The 
divisor 3 resolves 105 into 3X35 ; and the divisor 5 resolves 35 
into 6X7. • 

Hence 210 is resolved into the prime factors, 2, 3, 5, and 7. 



EXERCISES. 



1. Resolve 735 into 

2. 9'esolve 330 into 

3. Resolve 510 into 

4. Resolve . 390 into 
6. Resolve 550 into 

6. Resolve 930 into 

7. Resolve 1330 into 

8. Resolve 1610 into 

9. Resolve 4350 into 
40. Resolve 6020 into 



5, 7, 3, and 7. 
2, 3,5, and 11. 
2, 3, 5, and 17. 
5,2, 3, and 13. 
5, 2, 5, and 11. 



its prime factors. Ans. 

its prime factors. Ans. 

its prime factors. Ans. 

its prime factors. Ans. 

m 

its prime factors. Ans. 

its prime factors. Ans. #2, 3, 5, and 31. 

its prime factprs. Ans. 2, 5, 7, and 19. 

its prime factors. Ans. 2, 5, 7, and 23. 

its prime factors. Ans. 2, 3, 5, 5, and 29. 

its prime factors. Atis. 2, 2, 6, 7, and 43. 



The application of the preceding Rule will be seen in 
^Ddin^ Common Measures, and Common Multiples. 
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COMMON MEASURE. 

$ 7^* One number is called a measure of another) if it is 
contained in the other an exact number of times, without a 
remainder. 

Thus 2 is a measure of 6, and 3 is also a measure of 6. 
Name a measure of 15 1 Of 35 ? Of 72 1 Of 99 1 Of 182? 

If a number can be measured hy 2, it is called an even nwm 
her; otherwise, it is an odd number, 

Name all the even numbers to 50. The odd numbers to 55. 

§ 7^. A common measure of two or more numbers, is any 
number which will measure each of them; that is, divide each 
of them without a remainder. 

Thus 3 is^ common measure of 12 and 15. 

Name a common measure of 18 and 27. Of 20 and 35. Of 33 
and 48. Of 12, 18, and 30. Of 36, 54, and 72. 

A common measure, it is evident, is tiny factor which is com» 
mon to the given numbers; that is, bjoj factor found in each qf 
Ihem. 

Greatest Common Meofnire. 

§ 77, The greatest common measure of two or more numbers, 
is the greatest number that will measure each of them; that 
is, divide each of them without a remainder. 

Thus 9 is the greatest common measure of 18 and 27. 

What is the greatest common measure of 16 and 24? Of 30 and 
40 ? Of 36 and 48 ? Of 64 and 121 Of 8, 12, and 32? 

What is the greatest common measure of 20 and 30 ? Of 25 and 35 ^ 
Of 24 and 72 ? Of 15 and 40 1 Of 12, 36, and 60 ? 

When two numbers have no common measure greater than a 
unit, they are said to he prime to each other; thus 16 and 21 are 
prime to each other, 

A common measure is sometimes, though not so properly, 
called a common divisor i and thn^ greatest common measure, 
Hbe oreaiett common divisor. 
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RULE XII. 

§ 'y§. To find the common measures of two or more numbers 

1. Resolve each number into its prim£ factors, and select 
all the factors which are common to tlie severed numbers, that is, 
which are found in each number. 

2. Any one, or the product of- any two or more, of thesp 
common factors, will be a common measure — and the product 
of aU the common factors will be the greatest common measm*e 
of the given numbers. 

EXAMPLE. 

To find the common measures of 30, 45, and 76. 
Resolving each number into its ^rime factors, we find 
30=2X3X6; 45=3X3X6; and 75=3X6X6 (§ 74). 

The factors which ^e common to the three numbers, are 3 and 
6; then 3 and 6 are each a common measure, and 3X6,= 16, 
is the greatest common measure of 30, 45, and 75. 

It is plain that both 3 and 6 will divide each of the given 
numbers, without a remainder, as will also 3X6=16; and this 
last is the greatest number that will so divide them (§ 69). 

EXERCISES. 

1. Find the greatest comm<w measure of 262, 180, and 288. 

Ans, 36. 

2. Find the greatest common measure of 120, 144, and 168. 

Ans, 24, 

3. Find the greatest common measure of 240, 336, and 432. 

Ans» 48. 

4. Find the greatest common measure of 392, 504, and 660. 

Ans. 66. 
6. Find the greatest common measure of 604, 667, and 630. 

Atw. 63. 

6. Find the greatest common measure of 336, 688, and 766. 

Ans, 84. 

7. Find the greatest common measure of 288, 480, and 672. 

Atw. 96. 

8. Find the greatest common measure of 460, 1035, and 1160. 

Atw. 115. 

9. Find the greatest common measiure of 620, 1116, and 1488. 

Ans, 124. 
10. Find the several common measures of 42, 210, and 126» 

Ans, 2, 3, 7, 6, 14, 21, and 42. 



§ 79.) COMMON MEASURK. 55 

Another Method of Finding the Greatest Common Measure. 

§ 79. The greatest common measure of the divisor and div- 
idend is the same as that of the divisor and the remainder^ if 
any, after division. 

Or, more generally, 

§ 80. The greatest common measure of two or more num- 
bers, is the same as that of the least of those numbers and the 
reroafTwfer, or remainders, if any, after dividing the least number 
into the other, or each of the others. 

For example, take the numbers, 12, 28, and 42, 

or 12, twice 124-4, and 3 tirAes 12-[-6. 

It is plain that every measure of 12 is also a measure of imice 
12, and of 3 tim£s 12 ; hence no number can measure I2f twice 
12-J-4, and 3 times 12-|-6, unless it also measures 4 and 6 ; the 
greatest common measure, therefore, of 12, 4, and 6, will be 
the greatest common measure of 12, 28, and 42 ; and 4 and 6 
are 9ie remainders after -dividing 12, into 28, and 42. 

On this principle is founded 

RULE XIII. 

§ §1. To find the greatest common measure of two or more 
numbers, 

1. For two given nurnbetSy — divide the less number into the 
greater, and the remainder into the divisor, and the last re- 
mainder into the last divisor, and so on, until there is no 
remainder. The last divisor will be tlie common measure 
required. 

2. For three or more numbers^ — divide- the least number into 
each of the others, and take the remainders and divisor for a 
new set of numbers, with which proceed as before, and so on, 
until there is no remainder. The last divisor \^ill be the 
common measure required. 

EXAMFLE. 

To find the greatest common measure of 136 and 720. 

135)720(6 
676 

46)136(3 

We divide 135 into 720, and the remainder 45 into the divisor 
135, when we get no remainder. The last divisor 45 is the 
greatest common measure of 135 and 720. 

(Xj* By the principle of § 79, the greatest common measure of 135 
and 720 is the same as that of 135 and 45, which is evidently 45. 

The same principle generalized fur two or more numbers, establishefl, 
in lilLo mamicr, the 2d part of the Kule. ^ 
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EXERCISES. 

1. Find the greatest common measure of. 324 and 480. 

^ Ans. 12. 

2. Find the greatest common measure of 972 and 1260. 

Ans. 36. 

3. Find the greatest common measure of 744 and 1680. 

Ans, 24. 

4. Find the greatest common measure of 480^ and 960. 

Ans. 480. 
6. Find the greatest common measure of 636 and 1080. 

Ans. 12. 

6. Find the greatest common measure of 376 and 1100. 

Ans. 26. 

7. Find the greatest common measure of 120 and 1440. 

Ans. 120. 

8. Find the greatest common measure of 780 and 1560. 

Ans.nso. 

APPLICATION OF COMMON MEASURE. 

1. A farmer has 66 bushels of corn, and 90 of wheat, which 
he wishes to put into sacks of equal size, and without mixing 
the two kinds of grain. How many bushels must each sack 
contain 1 

The size of each sack will evidently be any common mea- 
sure of 66 and 90. Ans. 2 bushels, 3 bushels, or 6 bushels. 

2. A gentleman has a corner of ground, the sides of which 
measure 226 feet, 297 feet, and 369 feet. He wishes to en- 
close it with a fence having panels of uniform length; what 
must be the length of each panel ? Ans. 9 feet. 

3. An upholsterer ha# 126 yards of carpeting of one kind, 
175 of anther, and 226 of another. He wishes to divide the 
whole into pieces of equal length, and the longest that can bo 
obtained] what must be the length of each pieceT 

Ans. 26 yards. 

4. Having 140 acres of land at one place, and 252 at another 
I wish to divide the whole into fields wh«:;h shall be of equh 
size, and the largest that will meet such requisition. What, 
must be the number of acres in each field? Ans. 28 acres. 

6. Three regiments of soldiers containing, respectively, 1638 

men, 2307 men, and 3845 men, are to be formed, separately, 

nto battalions, the largest that will admit the same number of 

men in each. What will be the number in each battalion 

and the number of battalions in each regiment? 



J ^769 men in each battalion; 
^^' (2 battal'B in the 1st regM, 3 i 



in the 2d, and 6 iu the 3d. 
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COMMON MULTIPLE. 

§ 82. One number is called a midtiple of another, if it car 
he measured by. the other; that is^ divided by it without are 
mainder. 

Thus 6 is a muUipU of 3j and ^ is also a multiple of 3. 

Name a multiple of 5. Of 7. Of 11. Of 20. Of 50. Of 100, 
Name a multiple of 8. Of 9. Of 12. Of 30. Of 60. Of 200. 

^ 83. A aymmom, mtdtiple of two or more numbers, is any 
number which can be measured by each of iliem; that is, divided 
by each of them without a remainder. 

Thus 30 is a common multiple of 10 and 6. 

Name a common multiple of 4 and 7. Of 3, 4, and 8. Of 5 and U. 
Of 4. 3, and 6. Of 10 and 4. Of 4, 9, and 12. 

Name a common multiple of 5 and 8. Of 5, 10, and 6. Of 7 and }• 
Of 4, 3, and 9. Of 1 1 and 3. Of 4, 8, and 10. 

A common multiple of two or more numbers, it is evident, 
is any number of which each of the given numbers is a factor. 

Least Common Multiple, 

§ 84. The least common multiple of two or more numbers, is 
the least number that can be measured by each of them; that 
is, divided by each of them without a remainder. 

Thus 15 is the least common multiple of 3 and 5. 

What is the lieast common multiple of 4 and 5*? Of 3 and 6? 
Of 5, 2, and 31 Qf 7 and 9 1 Of 6, 4, and 3 ? Of 8 and 121 

What is the least common multiple of 3 and 41 Of 4 and 8? 
Of2,3,and41 Ofl0andl21 Ofl,4,and6? Ofl0and201 

The least common multiple of two or more numbers is evi- 
dently the least number of which each of the given numbers is 
a /actor. 

The product of two or more numbers will always be a com" 
mon multiple of the numbers, since it will have each of those 
numbers for a factor. 
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RULE XIV. 

§ 85. To find the common multiples of two of more numbers, ' 

1. Resolve each number into its prime factors, and take the 
smallest selection of those factors that includes the factors of 
each given number, 

2. The product of these selected factors will be the least 
common multiple; and this product multiplied by any number 
whatever, will be a common multiple, of the given numbers 

EXAMPLE. 

To find the least common multiple of 6, 12, and 15. 

Resolving each number into its prime factors, we have 

6=2X3; 12=2X2X3; 16=3X5. 

If we take 2, 3, 2, 5, we have the smallest selection of those 
factors that includes the factors of each given number. 

Then 2X3X2X5=60 is the hast common multiple of 6 
12, and 15. 

And 60X2=120, or 60 multiplied H^. any other number, is a 
common multiple of the same numbers. 

It is plain that 2X3X2X6 can be divided by each of the 
given numbers, without a remainder, since it includes the fac- 
tors of each of them (§ 69); and it is the smallest number 
that can be So divided, since it is the smallest that includes 
the factors of each. Hence it is their least common multiple 

It is also evident that if one number be a multiple of 
another, any number of times the former ^ will also be a multiple 
of the latter. 

EXERCISES, 

1. Find tlie least common midtiple of 10, 12, and 16. Ans, 240. 

2. Find the least common multiple of 14, 9, and 25. An^, 3150. 

3. Find the least common multiple of 18, 21, and 30. Am, 630. 

4. Find the least common multiple of 7, 16, and 15. Ans, 1680. 

5. Find the least common multiple of 6, 33, and 21. Ans, 462. 

6. Find the least common multiple of 11, 15, and 32. Anji, 5280. 

7. Find the least common multiple of 27, 44, and 4. Atw. 1 188. 

8. Find the least common multiple of 9, 18, and 20. Ans, 180. 

9. Find the least common multiple of 8, 14, and 35. Ans, 280. 

10. Find the common multiples of 6, 14, 20, 8, 12, and 24; 

Ans, 840, 1680, 2520, &c 
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Another Method of Finding the Least Common Multiple, 

The preceding Rule is given to show the GomposUion of the 
least common multiple. The following is the common Rule; 
and is preferable in a practical point of view. 

RULE XV. 

^ 8^. To find the least common mtdtiple of two or more 
numbers. 

• 

1. Set the numbers in a line, from left to right, and divide 
any two or 7nore of them by any prime number, greater than a 
unit, that will divide them without a remainder, placing the 
quotient and the undivided numbers in a line below. 

2. Divide any two or more of the numbers in the lower line, 
as before; and so on, until no two numbers in the lowest line, 
can be so divided. The product of the divisors and numbers 
in the lowest line, will be the least common multiple of the 
given numbers. 

Z. If no two of the given numbers can be divided as above, 
the product of all the given numbers will be their least com- 
mon multiple. 

EXAMPLE. 

To find the least .common multiple of 6, 12, and 15. 

2)_6 12 15 

3)3 6 15 



1 2 5 2X3X2X6=60. 

We divide 6 and 12 by 2; and place 15 in a line with the 
quotients, since 16 will not divide by two without a remainder. 
'vVe then divide 3, 6, and 15, by 3; when we find that no two 
of the numbers, 1, 2, 5, in the lowest line, can be divided by 
any number greater than a unit, without a remainder. 

Taking now the divisors, 2 and 3, and the numbers 2 and 5 
in the lowest line, — omitting the 1, as not afFectiilg the pro- 
duct, — we have 2X3X2X5=60, for the least common multi- 
ple of 6, 12, and 15. 

^^ This method is the same in pHnciple with that of Rule XIV. 
The divisors and numbers in tlie lowest line, are necessarily prime factors 
of the given numbers ; and are the smallest selection of such factors tljiat 
Vicludes the factors of eocA give^i iiuniher. ,rXi 
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EZEBGISES. 



1. Find the least common mtdtiple of 4, 6, 8, and 10 

Ans» 120. 

2. Find the least common multiple of 9, 3, 12, and 15. 

Ans. 180. 

3. Find the least common multiple of 21, 7, 4, and 9. 

Ans, 262. 

4. Find the least common multiple of 6, 4,12, and 20. 

Ans, 60. 

5. Find the least common multiple of 8, 7, 10, and 14. 

Ans, 280. 

6. Find the least common multiple of 15, 2, 7, and 13. 

Ans. 2730. 

7. Find the least common multiple of 24, 5, 6, and 10. 

Ans, 120. 

8. Find the least common multiple of 5, 10, 13, and 24. 

Ans, 156Q. 

9. Find the least common multiple of 6, 7, 2, and 17. 

Ans, 714. 
10. Find the least common multiple of 11, 4, 5, and 19. 

Ans, 4180. 

APPLICATION OF COMMON MULTIPLE. 

1. What is the smallest sura of money for which a person 
could purchase, either a number of mules at 32 dollars a head, 
or a number of cows at 14 dollars a head, — the same sum to be 
employed in either purchase? 

It is evident that the number of dollars to be employed, is 
the least common multiple of 32 and 14. Ans. 224 dollars. 

2. A can build 7 rods of fence in a day; B can build 9 rods; 
and C 12 rods, in a day. What amount of fencing would af- 
ford a number of whole days' work for any one of the thrde? 

Ans, 252 rods, or 504 rods, or 766 rods, &.c. 

3. If one team can haul to market 10 barrels of flour; an- 
other, 12 barrels; and another, 15 barrels; — what number of 
barrels would make a number of full loads for any of the three 
teams! Ans, 60 barrels, or 120 barrels, or 180 barrels, &c. 

4. How many bushels of wheat would fill a number of bar- 
rels, each containingr 3 bushels; or a number of sacks, each 
containing 4 bushels; or a number of hogsheads, each contain- 
ing 16 bushels; — the quantity to be the same in each case? 

Ans, 60 bushels, or 120 bushels, or 180 bushels, &lc, 
6. What is the smallest sum for which I could purchase a 
number of mules, at 35 dollars a head; or a number of horses, 
at 45 dollars a head; and what number of each could I purchase 
for that sum! Ans, 315 dollars; 9 mules, or 7 horses. 
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EXERCISES ON CHAPTER III. 

Find the value of each of the following expressions — mul- 
tiplying and dividing by means of factors. 

1. (1000+260— 30+375)X(81— 9). Ans, 114840. 

2. (3874— 250+30— 375)X(100 — 4). Arts, 314784. 

3. (4800+675— 84+860)^(150— 6)- ^^- 43j\\. 

4. (4800— 675+84— 860)-Kl27+5). Ans. 25iV5. 
6. (9999+999— 75+375)-j-(l 30— 9). Ans. 9^3^* 

6. Resolve 436 into its prime factors. 

Ans. 2, 2, and 109. 

7. Resolve 780 into its prime factors. . 

Ans. 2, 2, 5, 3, and 13. 

8. Resolve 972 into its prime factors. 

Ans, 2, 2, 3, 3, 3, 3, and 3. 

9. Resolve 1275 into its prime factors. 

Atis. 3, 5, 6, and 17, 

10. Resolve 2000 into its prime factors. 

Ans. 2, 2, 2, 2, 5, 5, and 5. 

11. Find the greatest common measure of 124, 200, and 350 

Ans. 2. 

12. Find the greatest common measure of 325, 240, and 460 

Atis. 5. 

13. Find the greatest common measure of 270, 800, and 960 

Ans. 10.. 

14. Find the least common multiple of 14, 25, 8, and 20. 

Ans. 1400. 

15. Find the least common multiple of 8, 36, 9, and 17. 

Ans. 1224. 

16. Find the common multiples of 15, 20, 32, and 75. 

Ans. 2400, 4800, 7200, &c. 

17. Find the common measures of 300, 400, 500, and 600. 

Ans. 2, 4, 6, 10, 20, 25,*60, and 100. 

18 Find the common multiples of 24, 36, 60, and 84. 

.Ans. 2620, 5040, 7560, &c. 
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19. Find the greatest common measure, and also the least 
common multiple, of 74 and 126. 

Ans. Greatest com. meas. 2; least com. mult. 4662. 

20. The junior class in a school consists of 132 students, and 
the senior of 99. How might each class be divided, so that 
the whole school should be disposed in equal sections] 

Ans. Into sections of 3, 11, or 33. 

21. For what sum of money could a carpenter hire journey- 
men for one month, at 16 dollars, 21 dollars, or 24 dollars each, 
allowing the whole sum to be tiius expended] 

Ans. 840 dollars, or 1680 dollars, &c. 

22. What is the smallest sum of money for which I coula 
purchase a number of plows at 14 dollars each, or a number of 
carts at 30 dollars each, or a number of wagons at 90 dollars 
eachi Ans. 630 dollars. 

23. A wine merchant hafflll gallons of Madeira, 185 gallons 
of Port, and 259 gallons (Jf Malaga, with which he wishes to 
fill a number of casks, all containing the same number of gal- 
lons, and without mixing the different kinds of wine. What 
must be the contents of each cask] Ans. 37 gallons. 

24. A has 413 dollars, B 531 dollars, and C 590 dollars; and 
tliey agree to purchase horses, at the same price per head, pro- 
vided each man can thus inVest all his money. How many 
horses could each man purchase] 

Ans. A could purchase 7, B 9, and C 10. 

25. An island is 200 miles in circumference, and three per- 
sons; A, B, and C, start together, and travel the same Way 
around it. A goes 20 miles per day, B 25, and C 40 miles per 
day. In what time would they all come together again at the 
same point from which they started] 

First find the nuiAber of days it would require each person 
:o go around tlie island. Ans, 40 days. 
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PRELIMINARY DEFINITIONS AND PRINCIPLES — REDUCTION OF 

FRACTIONS. 

FRACTIONS. 

$ 87. A Fraction is an expression of one or more of the 
iqtud parts into which any quantity may be divided. 

One half is one of the two equal parts, — One third is one of 
the three equal parts, — Two thirds are tioo of the three equal 
parts, and so on, of any quantity. 

What is meant by one fourth of a quantity ? By thrttfourtlis of a 
quantity 1 By ont fifth of a quantity 1 By fourffika ? 

Any quantity consists of how many halves of that quantity ? Of how 
many thirds ? Of how Tn&nj fourths P Of how many tenths? 

Which is the greater part, one halfot one third of a quantity 1 One 
fourth or one seventh 1 One ninth or one fifth? One tenth or one 
hundredth? One sixth or one sixtieth 1 

How many is one half of 2 1 One third of 3 ? Two thirds of 3 1 
Three fourths of 4 ? One fifth of S"? Five sixths of 6 ? One seventh 
of 7 1 Three eighths of 8 ? Four ninths of 9 ? 

If the 2 halves of any quantity were each divided into 2 equal parts, 
into how many equal parts would the whok quantify be divided? What 
would each of those parts be called ? • One half is how many fourths ? 

If the 3 thirds of any quantity were each divided into 2 equal parts, 
into how many equal parts would the whole quantity be divided 1 What 
would each of those parts be called ? One third is how many sixths ? 

If the A: fourths of any quantity were each divided into 3 equal parts, 
into how many equal parts would the whole quantity be divided 1 What 
would each of those parts be called ? One fourth is bow many ttvelfihs ? 

Numetator and Denominator. 

S 88. A fraction is denoted by two numbers , one above the 
other, with a line between them. The upper numher is called 
the numerator; and the lower, th© denominator. 

The numerator shows the number of equal parts in the frac- 
lion; the denominator shows the number of such parts in ths 
whole quantity divided. 

ThusLf, three fourths; 3 ie the numerator ^ and 4 the denominator* ■ 



(14 FRACTIONfiL (J 89. 

In ^, T^hich u the nitinerator, and what does it show ? Which the 
denominator, and what does it show ? In|? ^f? ^"^^ 

The numerator and the denominator are together called the 
terms of the fraction. 

Proper and Improper fVactione. 

§ §9. A proper fraction is one whose numerator is less than 
its dcTiominator; and whose vidue is, consequently, less than a 
unit or whole one. 

Thus ^, f , f , axe proper fractions. 

§ 90. An improper fraction is one whose numerator is eqiuU 
to, or ffreater than, its denominator; and whose value is, accord- 
ingly, equal to, or greater than, a unit or whole one. 

Thus f is an improper fraction,^-equal to a whole one; and 
f is an improper fraction,— equal to l|, one and two thirds. 



J is equal to how many whole ones ? ^ is equal to how many wholfi 
onesi V? V^ V? ¥? V? T^ W WV 

fractions Express DiviHon, 

5 91. Erery proper fraction expresses the part that its ntuner^ 
ator is of its denominator. 

For example take the fraction ^four ninths. 

Since 1 is one ninth of 9, 4 is four ninths of 9; that is, the 
fraction expresses the part that its numerator 4 is of its denom 
Inator 9. . 

2 is what part of 3 ? 4 i» what part of 7 7 6 is what part of 13 ! 
9 is what part of 16 '2' 11 is what part of 26 ? 17 is what part of 39 ^ 

§ 92. Every fraction, whether proper or improper, is equal 
to its numerator divided by its denominator. 

For example, the fraction J is the quotient of 4-J-9 (§ 47);' 
being the same as j of 4 (§ 61). 

And the fraction J is 9-J-4, equal to ^ of 9, equal to 2 J (§ 56). 

} is equal to what part of 2 1 | is equal to what part of .5 ? 
^5 is equal to what part of 31 || is equal to what part of 23? 
^ is equal to what part .of 11 || is equal to what part of 31 1 

^ is how many units or whole ones? J is how many units or whole onec^ 
y is how many units or whole ones? y is how many units or whole ones* 
y is how many units or whole on^ fj is how many unite or whole ones* 
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Constant Value of a Fraction. 

§ 93. The value of a fraction remains the same when its 
nomerator and denominator are both multiplied, or both divided, 
by the same number. 

Taking, for example, j, and multiplying both its terms by 2, 
we have |. 

Now if any quantity were divided into 4 fourths, each one of 
these fourths, divided into ttoo equal parts, would make 2 eighths 
of the quantity; then 3 fourtiis would make 6 eighths; that 

Prove that ^ is equal to ^. Prove that f is equal to y\. 

The truth of this principle is also evident from regarding a 
traction as a quotient, its numerator being a dividend, and -its 
denominator the divisor ($ 92 and 57). 



REDUCTION OF FRACTIONS. 

§ 94. Reduction, in general, consists in changing the form 
or expression of a quantity, without altering its valve. 

Thus I may be changed to the form j\, ,-^3, &c., without 
altering its value (§ 93). 

FRACTIONS REDUCED TO THEIR. LOWEST TERMS. 

§ 95. A fraction is reduced to lower terms when its numerator 
and denominator are diminished, without altering its value. 

For example, j| reduced to lower terms, is |, found by divid- 
ing 12 and 16 by 2 (§ 93). 

Reduce | to lower terms. Reduce ^ to lower terms. . 

Reduce ^ to lower terms. Reduce -j^^^ to lower terms. 

§ 90. A fraction is reduced to its lowest terms when its nu- 
merator and denominator are made. the smallest that will express 
the value of the given fraction. 

Thus |§ reduced to its lowest terms is J. 

What is y^ in its lowest terms 1 What is ^ in its lowest termii ? 
What is ^ in its lowest terms 1 What is 4 J in its lowest terms 1 

When a fraction is in its lowest terms, its numerator and 
denominator will be prime to each other (§ 77) . 
. 5 
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RULE XVI. 

§ 97 • Th reduce a fraction to its lowest terms. 

1. Divide both terms of the fraction by any common meO" 
sure greater than a unit, and tjie quotients by any common 
measure greater than a unit, und so on, until the quotients be- 
come prime to each other. The last quotients will be the lowest 
terms of the fraction. Or, 

2. Divide both terms of the fraction by their greatest com' 
mon measure ; the quotients will be the lowest terms. 

E X A M P t E . 

To reduce f^"j to its lowest terms. 

1 )90 1 U20 

3)9 3 )12 

Dividing 90 and 120 both by 10, and the quotients 9 and 12 
both by 3, the quotients 3 and 4 are prime to each other, and 
we have the given fraction in its lowest terms equal to J (§ 93). 

Or, dividing 90 and 120 both by 30, which is their greatest 
common measure (§ 77), we at once have ■^]^\z=^. 

The advantage of reducing a fraction to its lowest terms, is, 
that the valve of the fraction is then more readily perceived. 

Thus we more readily perceive the value of f than of -^j^, 

EXEECISES. 

1. Reduce ^f and |j§ to their lowest terms. Ans. J and J. 

2. Reduce f J and ||| to their lowest terms. Ans. \ and |. 

3. Reduce ^ J and |J| to their lowest terms. Ans. y-^ and /j. 
<4. Reduce ^ and -^h to their lowest terms. Atw. |] and^j[. 
6. Reduce |J and |fj to their lowest terms. Ans. ^l and Z^. 

■ 

6. At 25 dollars per acre, what quantity of land could be 
purchased for 15 dollars'? Ans. 5 of an acre. 

7. At 18 dollars per ton for hay, what quantity of hay could 
be bought for 10 dollars] Ans. | of a ton. 

8. Allowing 366 days to a year, what part of a year is in- 
cluded in 146 days? Ans.'^ of a year. 

9. There being 1760 yards in a mile what part of a mile is 
included in 1320 yards? Ans, | of a mile. 
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10. If 133 dollars were equally divided among 152 men, what 
would be the portion of each man (§ 92)] Ans. J of a dollar. 

11. If a person saves out of his income 290 dollars in a year, 
at what rate does he save per day] Ans, ^J of a dollar. 

12. What quantity of ground must a man plow per day, in 
order to accomplish 63 acres in 72 days'? Ans. f of an acre. 

13. A footman performed a journey of 600 miles in 15 days. 
At what rate did he walk per day 1 Ans, 33^ miles. 

14. A farmer bought a tract of land containing 400 acres, 
for 18100 dollars. What was the price per acre ] 

-4.715. 45 J dollars. 

15. A speculator purchased 1000 head of cattle at 16 dollars 
each, and sold the whole of theni for 21875 dollars. How 
much did he gain per head ] • Atis. 5 J dollars 

FRACTIONS REDUCED TO A COMMON DENOMINATOR. 

§ 98. Two or more fractions "are said to have a coinmon 
denominator, when they have the same number for a denominator 

Thus I, ^, and §, have a common denominator. 

Give another example of fractions having a common denominator. 

§ 99. J'wo or more fractions may often be reduced, me?itaUy, 
to a common denominator, by multiplying, or dividing, both 
terms of one or more of them, so as to make the denominator 
the same for each. 

For example, \ and f are reduced to a common denominator, 
by multipl3^ng both terms of ^ by 3, and of f by 2. 

We thus find i=i$?= J; and f =f $='= J (§ 93). The eqitiv- 
aknt of ^ is 7; and the equivalent of f is -^. 

Give the equivalents of -f and J in fractions having a common dcnoin- 
inaior. Of ^ andj. Of ^ and f . Of. i, ^, and.j. Of J, f and y\. 

Least Common Denominate. < 

§ lOO. Two or more fractions are reduced to their leant 
common daixmiinator, when the common denominator found is 
the smallest by which the equivalent of each fraction can bo 
expressed. 

For example, J and i, reduced to their least common denom- 
inator, are equal, respectively, to yv and j|. 

Give the equivalents of % and J, by their least common denominator. 
Of I and _\. Of yV and /^. Of ^, J, and §. Of i, | and j\. 
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RULE XVII. 

§ 101. To reduce two or more fractions to a common db 

KOMINATOB. 

1. Multiply each numerator by all the Idenominators except 
its own, for the new numerators; and multiply all the denomi- 
nators together for the common denominator. 

2. If the least common denominator be required, — take the 
least COMMON multiple of the given denominators, for the com- 
mon denominator. Divide this multiple by the denominatoi 
of each given fraction, and multiply die quotient by the nu- 
merator, for the new numerators, 

EXAMPLES. 

1. To reduce f, |, and ^, to a common denominator. 

For the new numerators, we have 

2X6X8=96; 6X3X8=120; 7X6X3=126; 
and for the common denominator, 3X6X8=144. 

The equivalents of the given fractions, are, then, 
iTi> Tih ^^^ Iff J respectively. 

2. To reduce the same fractions f , |, and |, to their least 
common denominator. 

The teast common multiple of the denominators 3, 6, and 8, 
is 24 (§ 84). Then 24 is the common denominator required. 

Dividing 24 by each given denominator, and multiplying the 
quotients by the given numerators, respectively, we have for 
the new numerators, 

(24-r-3)X2=16; (24-^6)X5=20; (2 4^-8) X 7=21. 
The given fractions are, then, respectively equal to. 

This method will not find the least common denominator, in 
all cases, unless each of the given fractions is in its lowest 
terms. 

For instance, if, in the above example, we take H instead 
of its equal, J, the least common multiple will be 48, which is 
not the least common denominator by which the equivalent of 
each fraction can be expressed. 
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(j^ In finding a common denominator, as above, both terms of eacb 
given firaction are multiplied by the same number. 

Thus •}, in the first example, has both its terms multiplied by 6X8>— 
producing the new terms X^^. 

In the second example, the numerator 2 is multiplied by 8,=:24-f-3, 
and this is the ^me number by which the denominator 3 is multiplied, 
to produce the common denominator 24. 

Hence the values of the given iractions remain the same in reducing 
them to a conunon denominator (§ 93). «rx 

EXESCISES. 

1. Reduce }, j, and f to a common denominator. 

^«*- AV i¥ff> and -^. 

2. Reduce fy, ^, and | to a common denominator. 

A„^ 70 ign a^J 231 
A71S, f7i> T5f> *"^ TW 

3. Reduce ^, {, and ^^ to a common denominator. 

* ' Anv 351 260 j.j,J\ 380 

A71S, Tfjgj, j-g-g, ana y^y. 
. 4. Reduce f , |, and ^ to a common denominator. 

An9 A?o 576 nnA 188 
ATls. }ri2* TTlf ■'"" FT2* 

5. Reduce |, |, and f to the least common denominator. 

Ans. If, f J, and ||. 

6. Reduce ^, ^, and ^ to the least common denominator. 

Arut JL 5- and 11 

7. Reduce f , J, and -^^ to the least common denominator. 

Ans. 14, j{, and U- 

8. Reduce y, |, and y^ to the least common denominator. 

An^f 24 25 n„rl 2T 

9. Reduce J, |, and /g to the least common denominatoi. 

Ans. If, ^V, and |J. 

10. Reduce f , i^, and ^ to the least common denominator. 

Anv 40 36 pnH dl 

•e*-ns. -gjf, ^pj, ana ^j^. 

11. Reduce f , |, f , and ^ to a common denominator. 

Ans, e|o, iJiS, if JJ, //A. 

13. Reduce i, f , f , and ,'j to a common denominator. 

4W9 360 ^-tO 160 7 2, 

A/t.^. ^yg^Q, ^2,), ^jj^, lyyu , 

13. Reduce |, i, f, and i to a common denominator. 

4r7« .5 6.0_ 17* 60 1.1*2 
-«.7«.>. 1400> T40(J» I4aj» T40.»* 

14. Reduc'e i»-T*r»i' ^^" 4 to a common denominator. 

15. Reduce -j^j, J, ;f'y, and j to a common denominator. 

Ans. im, i^j'/j, illf, !*,%. 

One advantage of expressing Fractions by a common denomi- 
nator, is, that we are thus enabled, most readily, to compare 
the valua of fiMt*ops in certain cases. 
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Comparison of M'octions'. 

§ 102. Fractions having different numerators and denomi- 
nators, are most readily compared. with each other, by reducing 
•them to a common denominator, and then comparing the new 
numerators. 

For example, we should not very readily perceive which is 
the greater fraction, f or y^. By reducing them to a common 
denominator, we have ff and |f ; from .which we see at once 
that yy is 1^^ the greater. 

11. One person expends 6 dollars for coal, at 7 dollars per 
ton; and another, 6 dollars, at 9 dollars per ton. What quan- 
tity does each of them purchase, and which of them the greater 
quantity ] 4 5 The 1st ^, the 2d f of a ton ; 

Ans. ^ rpj^g jg^ ^^ greater quantity. 

12. A, B, and C, purchase iVon; — A, at 37 dollars per ton; 
B, at 42; and C, at 60 dollars per ton. A lays out 20 dollars; 
B, 25; and C /SO dollars: what quantity of iron does each of 
them purchase,— which of them the largest, and Which the 
smallest quantity? 

^^^ ^A, I?, B, f|, and C, | of a ton; 

(C the largest, and A the smallest quantity. 

INTEGEES AND MIXED NUMBERS REDUCED TO IMPROPER FRAC- 
V ■ TIONS. 

§ lOJi. An integer, or integral number, is any whole number, 
in opposition to a, fraction. 

Thus 1, 6, 10, Sic, are integers. 

§ 104. A mixed number is an integer, or whole number, 
with a fraction annexed to it. - 

Thus 5f , 7J, are mixed numbers. 

What kind of quantity is ^^ ^-1 261 37f] 

§ 105. An integer is reduced to the form of an improper 
fraction, by taking a unit for a denominator. 

Thus 6 is f , 5 ones; 10 is \^, 10 ones; &c. 

Or, an integer may be reduced to an improper fraction hav- 
ing any proponed denominator. 

Thus 6 is equal to y, or y, or -/; and so on. 

7 is equal to how many halves ? How many Uhs ? 8ths ? 

9 is equal to how many halves ? How many Ulis ? Wths ? 

12 is equal to how many halves ? How many lOihs f I8ths J? 
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$ "MBm A mixed number may be readily reduced to an 
improper fraction whose denominator is that of the fraction 
annexed. 

For example, 6 being equal to y, 5f:=y. 

2^ i)B how many halves? Z\ is how many Uhs? 4f is how many Zrds? 
5| is how many bihs ? 7f is how many ^ths? 9| is how many %ths^ 
U is how many ^ihs ? ISy^^ is how many \(iths ? 

RULE XVIII. . 

§ lO?* To reduce an integer, or a mixed number, to an improper 
fraction, 

1. To KEDUCE AN INTEGER. Under the given integer, re- 
garded as a numerator, place 1 for the denominator. Or mul- 
tiply the integer by any proposed denominator; the product 
will be the numerator. 

2. To REDUCE A MIXED NUMBER. Multiply the integer con- 
tained in it, by the denominator annexed; and to the product 
add the numerator, for a numerator to be placed over said 
denominator. 

EXAMPLES. 

1. To reduce the integer 25 to Iths. 

25X7=175; hence 25=^-^-\ 

2. To reduce the mixed number 25?- to an improper fraction 

'25X7=175; and 175+3=178; hence 25 1=^-3 

EXERCISES. 

1. Reduce 13, 35, and 74, each to ^rds.. Ans. V> -g-,and ^-, 

2. Reduce 29, 83, and 90, each to 4^^^. Ans, »-J-^ ^h and ^K 

3. Reduce 71, 55, and 89, each to mhs. Ans. i^-^ ^-|^, and «-f^. 

4. Reduce I9,91,andl00,eachtol0/7w. Ans. Yy,Yo%and ^J^. 

5. Reduce 25^ and 34j to improper fractid^is. Ans. y and *-|-^. 

6. Reduce 8^^ and 94J to improper fractions. Ans.'^-^^ and ^1. 

7. Reduce 74 J and 47yV to improper fractions. An5.^^-'and^i%'. 

8. Reduce 39yV and 16fV to improper fractions. Atw. W and ^{^^^ 

9. Reduce 12f and 14^ first to improper fractions, and then to 
a common denominator. Atw. ^^ and ^^; V ^^^ V* 

10. Reduce 25^, 39J, and 234f first to improper fractions, and 
then to their least common denominator. 

A7W. V, ^^, and uyji; so 4^ 514^ and ^qi. 
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11. How many bushels of apples, at J of a dollar psr bushel, 
may be purchased for 13 dollars? 

The numher of bushels that viay he purchased, is equal to the 
number of 4ths of a doUar in 13 dollars. Ans, 62 bushels. 

12. What number of horses could be fed on 160 bushels of 
oats, giving ^ of a bushel to each] Atis, 760 horses. 

13. At the rate of ^ of a dollar per day, how many laborers 
could be hired, one day, for 4^ dollars? Ans, 9 laborers. 

14. How many lots of ground, each to contain ^ of an acre, 
^ould be made out of a field containing 129J aoresl 

Ans. 619 lots. 
16. Required how long a company of workmen would be 
employed in graduating 33 f miles of road, at the rate of ^ of 
A mile per month. Ans, 167 months. 

16. Allowing a mechanic to earn 36 dollars in 2 months, or 
§ of a year, what sum ought he to earn in 3 years? 

In 3 years there are 18 sixths of a year.-: If he earn 35 dollars 
m 1 sixtl) of a year, he will earn 18 times 35 dollars in 18 sixths 
of a year, thai is, in 3 years, Ans. 630 dollars. 

17. If a steamer run at the rate of 5 miles in J of an hour, 
how far will she run in 13 houi'sl Ans, 260 miles. 

18. If ^ of a ton of hay brings 9 dollars, what should be 
paid for 34^ tons of hay, at the, same rate? Ans, 621 dollars. 

19. Allowing i of an acre of ground to produce 11 bushels 
of wheat, how many bushels would be raised from two fields, 
containing, respectively, 39 acres, and 41 J acres? 

Ans. 3563 bushels. 

IMPROPER FRACTIONS REDUCED TO INTEGERS OR MIXED 

NUMBERS. 

Since 2 halves, or 3 thirds, or 4 fourths, and so on, make a 
unit or whole one, any improper fraction may readily be re- 
duced to an integer^ or a mixed number. 

For example \f is equal to 4, and y is equal to 4f . v 

^^ is how many units or whole ones? y is how many units or whole 
ones? 2^^ is how many units or whole ones ? ^yf is how many units or 
whole ones ? y is how many units or whole ones ? y is how many 
units or whole ones ? y is how many units or whole ones ? y is how 
many unit'* o>r whole ones? 11 is how many units or whole lones? 
Y^ is how many unite or whole ones ? 

The following Rule is the reverse of the preceding one. 
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RULE XIX. 

§ lOS. Tb reduce an improper fraction to an integer, or a 
mixed number. 

1. Divide the numerator by the denominator, placing the 
divisor, or denominator, under the remainder, if any, and an- 
nexing the fraction so formed to the quotient. 

2. The fraction annexed to the quotient may often be re- 
duced to lower terms. 

• EXAMPLE. 

To' reduce VV ^ ^^ integer, or a mixed number. 

140-7-25, gives quotient 6, and remainder 16, 

Hence Vy=6i|=5|. 

The fraction formed of the divisor and remainder, will be in 
its lowest terms, or not, according as the improper fraction re- 
duced, is, or is not, in its lowest terms. 

For, if the dividend and divisor have any common measure^ 
the divisor and remainder will have the same common mea- 
sure (§ 79). 

EXEBOISES. 

1. Reduce || to an integer, or a mixed number. Atw. 3. 

2. Reduce W to an integer, or a mixed number. Ans, 13. 

3. Reduce Y? ^ ^° integer, or a mixed number. Ans, 28y®g. 

4. Reduce W ^ ^^ integer, or a mixed number. Ans. 10. 

5. Reduce -fP to an integer, or a mixed number » Arts, 92^^. 

6. Reduce ^^f to an integer, or a mixed number. Ans. 22^^^. 

' 7. How many dollars must; be paid for 120 pounds of cheese, 
at j^ of a dollar per pound! 

TJie 120 pounds m7Z cost ^fi? of a dollar. Ans. 16 dollars. 

8. How many dollars must be paid for 875 pounds of rice 
at ^ of a dollar per pound] Ans. 64}-^ dollars. 

9. If jV of a barrel of flour will serve a family for a week 
how many barrels would serve theni 62 weeks] 

Ans. S^^ barrels. 
10. If a person walk at the rate of ^ of a mile per minute 
how many miles Would he walk in 246 minutef** ? 

Ans. 12^ miles 
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11. How many dollars should be paid for 7 yards of linen, 
at J of a dollar per yard] 

T}ie 7 yards will cost 7 times % of a dollar, which will he -^ of 
a dollar, Ans. b\ dollars. 

12. How many dollars should be paid for 25 bushels of 
wheat, at -J of a dollar per bushel] ' Ans. 21-J dollars. 

13. How many dollars should be paid for 19 pounds of to- 
bacco, at yV o^ ^ dollar per pound] Ans. \0\\ dollars. 

14. If a laborer's wages be 4 of a dollar per day, how many 
dollars will he earn in 237 days] Ans. 189 1 dollars. 

15. If a farmer raise y'^^ of a ton of hay per acre, hcfV many 
tons of hay would he raise on 45 acres] Ans. 40^ tons. 

16. How many dollars should be paid for 9 barrels of flour, 
at 5^ dollars per barrel] 

5i=V; then 9 times 11 halves is ^-^. Ans. 49^ dollars. 

17. How many dollars should be paid for 3 hundred weight 
of beef, at 4 J dollars per hundred weight] Ans. 12f dollars. 

18. If a stage coach run at the' rate of 7J miles per hour, 
how many miles would it run in 13 hours] Ans. 97^ miles. 

19. A farmer had in oats 64 acres of ground, which produced 
30j bushels per acre. What was the entire produce] 

Ans. 1968 bushels. 

20. A grazier sold 75 head of fat cattle, at the rate of 35 J 
dollars a head. What did he get for the whole number] 

Ans. 2690f dollars. 

21. A merchant sold 37 yards of superfine cloth, at 11 J dol- 
lars per yard. What did the whole amount to ] 

Ans. 41 6 J dollars. 

22. A miller sold 100 barrels of flour, at 3/^ dollars per bar- 
rel. What did the whole amount to] Ans. 318 J dollars. 

23. If a ship sail at the rate of 125| miles per day, how far 
will she sail in 73 days ] An&. 9179| miles. 

24. If one acre of ground produce 25J bushels of wheat, 
how many bushels would 150 acres produce at the same rate 1 

Ans. 3800 bushels. 

25. Allowing a person on a journey to travel at the rate of 
40 J miles per day, how far would he go in 31 days] 

Ans. 1247| miles. 

26. Allowing 24 men to accomplish a certain work in 5^ 
days, in how many days ought one man to accomplish the 
same work] Ans. 132 days. 

27. Allowing a certain quantity of provisions to suffice 36 
men for 13| days, how long ought the same quantity^ to suffice 
one man] Atu. 481^ days. 
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EXERCISES ON CHAPTER IV. 

1. Reduce Jf | and f fft to their lowest terms. 

Ans, y^g and //l 

2. Reduce f jj and |J§ to their lowest terms. 

Am, tVo and i5}|. 

3. Reduce |^f and Jg| to their lowest terms. 

Ans. -jVi and j|3. 

4. Reduce fJJ and |J^ to their lowest terms. 

Ans, Handj^g. 

6. Reduce Jff and.y^jj*^^ to their lowest terms. 

Ans. iff and f J. 

• 6. Reduce f, -J, and -}f to a common denominator. 

■ ^ris. IJg, |JJ,and fij. 

7. Reduce -f^, y\, and J J to a common denominator. 

8. Reduce |, f , and jj to a common denominator. 

^ns. fIJ, in, and fag. 

9. Reduce j^g, /j, and y'y to a common denominator. 

^^- iWa» tVsV and T^ijPjy. 

10. Reduce j'j, y'V, and /^ to a common denominator. 

^^•i?iS> in?, and i?|s. 

11. Reduce /j, iJ, and ff to the least common denominator. 

^^- s¥(j, ilS, andiJg. 

12. Reduce y*^, /j, and \\ to the least common denominator. 

Ans. 4|g,+fa, and?|§. 

13. Reduce /^j, y\, and J J to the least common denominator. 

' Ans. tVj, AV.and //ff. 

14. Reduce gJ^y, j'j, and y^g®j to the least common denominator. 

Ans. sVff^iSo, andiiJ.- 

15. Reduce 9, 13, 28f , and 31J, respectively to 6ths. 

Ans, y» V» 4S and if s." 

16. Reduce 10, 23, 40f , and 73f , respectively to 8ths. 

Ans. Y, ^|S a|s^and5|». 

17. Reduce 3 J, 5f , lOf, and 13 J, to improper fractions. 

Ans. L3, y, 5^2, and V- 

18. Reduce 7/2^, 9y^5, 76{, and 90^ to improper fractilDns. 

• ^^. !J, W, 'S' and'i^ 

19. Reduce *J*, .V«?» *H°> and *f|* to integral or mixed 
numbers. Ans. 66, 48/j, 146f , and 167|. 

20. Reduce SyV, W» V]W» and V^(? to integral or mixed 
numbers. Atis. 2^, 33^, 16^, and 9{g. 
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21. A laid out 25 dollars for iron, at 40 dollars per ton, and B 
laid out 36 dollars for iron, at 45 dollars per ton. What quan- 
tity of the article did each of them purchase 1 

Ans, A f and B J of a ton. 

22. A bought 9 yards of linsey for 12 dollars, and B bought 
21 yards for 24 dollars. At what rate did each of them pay 
per yard 1 Ans, A 1 J and B 1| dollar per yard. 

23. If J of an acre of land sell for 11 dollars, what should 
be received, at the same rate, for two farms, one containing 
175, and the othej 217| acres 1 Ans, 17281 dollars. 

24. A farmer sold to A 37 bushels of wheat, to B 100 bush- 
els, and to C 123 bushels, at f of a dollar per bushel. What 
did the whole quantity sold amount to] Ans, 162^ dollars. , 

26. A merchant bought 46 yards of Irish linen for 30 dollars, 
and sold the same for 35 dollars. At what price per yard was 
tha linen bought and sold 1 

Atis, Bought at f and sold at J of a dollar. 

26. If j- of a yard of cloth cost 2 dollars, what should be 
paid, at the same rate, for two pieces, each containing 13 yards, 
and a third one containing 9^ yards 1 Ans, 574 dollars. 

27. Bought of one person 45 sheep ; of another 170 ; of 
another 63 ; of another 21 ; and of another 71 ; at an average 
of J of a dollar a head. What did the whole amount to ) 

Ans, 277^ dollars. 

28. A sold toB 35 pounds of loaf sugar, at r^g of a dollar a 
pound ; to C 24 pounds of cheese, at y^ of a dollar a pound ; 
and to D 41 pounds of coffee, at ^ of a dollar a pound. What 
did each of the articles amount to 1 

. Ans, 6fV, 2, and 6Jf dollars. 

29. Bought a lot' of ground for $25, at the rate" of $75 per 
acre. What w§ls the quantity purchased! Ans. ^ of an acre. 

3Q. Two travelers havmg a journey of 1000 miles to perform, 
proceed as follows, namely, the first goes 25 days at the rate 
of 30 miles per day, and the second 20 days at the rate of 40 
miles per day. What part of the journey has each accom- 
plished 1 Ans, The first J, and the second | of the journey. 

31. A expended 75 dollars for steel at 87 dollars per ton, 
and B expended 87 dollars for steel at 93 dollars per ton. 
What quantity was purchased by each 1 and which of the two 
purchased the greater quantity ] 

Ans. A If, B I J of a ton ; and B the greater quantity. 

32. A merchant sold 4 yards of superfine cloth at 12^ dol- 
lars per yard, 16 yards of silk at 2 J dollars per yard, 13 yards 
of linen at ^ of a dollar per yard, and 9 yards of calico at J of 
a dollar per yard. What did each of the articles amount tol 

Ans, 60, 36, 1 If, and 2^ dollars. 
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CHAPTER V. 

ADDITIOK, SUBTRACTION, MULTIPLICATION, AND DIVISION OF 

FRACTIONS. 

ADDITION Of FRACTIONS. 

$ 109. Addition of Fractions consists in finding the sum 
of two or more fractions. 

The sum of two or more fractions is found by means of a 
common denomirtator. 

Thus the sum of f and ^, is f ; jiist as the sum of 2 cents 
and 3 cerits is 5 cents. 

What is the sum of * and 31 Of ^ and f 1 OfJ»^and^^1 Of 

3 2 nrxA 4 1 Of 5 3 and 8 1 Of '^ _* flnd 3 1 
Tl» TT> "™* TT* ^* T5» T2» *"" T2' ^* TJT' 58r» *"" ITT* 

How many ttntis or whole ones are there in the sum of | and |t 
[n the sum of ^, |, and ^1 In the sum of f , -I, and ^1 In the sum 
■»f i, I, a«<l ?? fo tiie sum of ^, -j^, and /^1 

§ no* Two or more fractions may often be reduced, men- 
tally, to a common denominator, (§ 99), and then added 
together. 

Thus to add together f and |, we say f is equal to -f^f 
and I is equal to -^i then TV+T2=Ti=^A- > 

What is the sum of J and f? Of ^ and Ji Of ^ and ^1 Of |, 
J,andji Of I, I, and J1 Of |, J, and ^\1 

RULE XX. 
§111. To add two or more fractions togei/ier, 

1. If the fractions have not a common denominator, reduce 
them to a common denominator. 

2. Add all the numerators together, and place the sum, as a 
numerator, over their common denominator. 

3. Mixed numhers may be added under the form of improper 
fractions; Ory the fractions contained in them may be added, 
separately, and their sum added to that of the ]fttieg«rs« 
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EXAMPLES. 

1. To add together, |, ^, and |. 

Reducing these fractions to a common denominator, 
we have § = ||§ 

4 160 

Adding the new numerators together, we have 

168+160 + 175=603. 

Placing the sum 603 over the common denominator 280 
we have f ^ 4 + | = s^f, which is equal to IffJ. 

2. To add together 66, 16|, 8J, and 7^- 
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Reducing the mixed numbers to improper fractions, 
we have 16f = %', 

and 7^ = 11, 
Reducing these fractions to a common denominator, 

we have, \^', *-j%^, and f|. 

Then 16J + 8J + 7A=W + W + !I = W=31|; 
and the integer 66 added to 31| ma^es the entire sum 87|. 
Otherwise, Adding together the fractions contained in the 
given mixed numbers, we shall find J+ J + fV^lff == H' 

Adding together all the integers, 66 + 16 + 8 + 7 =i: 86 > 
then the entire sum is 86 + 1| = 87|, as before. 

Note, In all subsequent exercises, improper fractions in 
the answers are to be reduced to integers or mixed numbers : 
and proper fractions, to their lowest terms. 

EZEBCISES. 

1. Add together j, |, f, and ^. 

2. Add together f , f , y*^, «nd ^. 

3. Add together ?, |, ^, and j%. 

4. Add together 26, 34, J, and ^^ 
6. Add together 13, f^, 73, and ^^, 

6. Find the sum of 3J, 6f , lOj, and 36f . 

7. Find the sum of 7J, 9J, 26|, and 19^. 

8. Find the sum of 18^, ^, 76{, and 60}. 

9. Find the sum of 100, 16|, 3}, and 37|. , 
10. Find th^Bum of 10|, 49, ^, aad SSf. 



Ans, 


m- 


Ans. 


2T«r. 


Ans. 


m\' 


Ans, 


69f. 


Ans. 


88J1. 


Atw. 


64if. 


Ans, 


62t^ 


Ans, 


146iJ. 


Ans, 


167. 


Ana. 


143 j;. 
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11. What sum should be paid for a vest at 4| dollars, and 
a hat at 5| dollars 1 Ans, 10| dollars. 

12. What sum should be paid for a cord of wood at 3^ dollars, 
a barrel of flour at df dollars, and a shote at 2^ doHUrs ? 

Ans, 1 1 frj dollars. 

13. Bought a quantity of com for 15| dollars, a ton of hay 
for 13 dollars, and a lot of pork for 19 J dollars. What did 
the whole amount to? Ans, 48f dollars. 

14. Sold wheat for 276 dollars, oats for 37§ dollars, and rye 
for 27| dollars. What did the whole amount to) 

Ans. 339|| dollars. 
16. A merchant's bill was as follows : for calico J of a dol- 
lar, linen 3 J dollars, silk 13j dollars, and for groceries 21^ 
dollars. What was the amount of the-bilU vAtw. 39/^ dollars. 

16. A farmer paid three laborers for a month's work as 
follows : to the first, 16^ bushels of corn ; to the second, 19^ 
bushels ; to the third, 23J bushels. How much corn did he 
pay them all? Ans. 68f bushels. 

17. A manufacturer sold four pieces of cloth. The first 
piece contained 39 J yaids, the second 41f yards, the other two 
each 93J yards. How many yards did he sell ] . 

Ans. 267J-? yards. 

18. A person on a journey traveled the first day 31 miles ; 
the second and third, each 29^ miles ; the fourth and fifth, each 
27f miles. How far did he go in the five days 1 

Ans. 145 2^^ miles. 

19. A stage coach ran for two hours at the rate of 8^ miles 
per hour, and for two hours more at the rate of 7^ miles per 
hour ; how far was that in the whole time 1 An^. 3 Iff miles. 

20. Sold to A, 25 barrels of apples, for 66^ dollars ; to B, 
30 J barrels, for 76 dollars ; and to C, lOl barrels for 21| dol- 
lars. Required the quantity sold, and the sum received. 

Ans, 66J barrels : 163^ dollars. 

21. Bought of a grocer a sack of coffee, for 13f dollars; a 
barrel of sugar, for 18^^ dollars ; and a keg of rice, for 6^5 
dollars. What sum should be paid for the whole 1 

Ans. 3*7-^ dollars. 
21?. Laid out for goods, at one time, | of a dollar ; at another 
time, 3f dollars ; at another, 21^^ dollars ; and at anothe*', 93 
dollars. Wliat was the whole sum disbursed? 

Ans. 35^j^ dollars. 

23. A merchant sold to one person, 4 yards of cloth for 24 
dollars ; to another, 9f yards for 43f^ dollars ; and to another, 
13j yards for 401 dollars. Required the quantity of cloth 
sold, and the sum received. Ans. 26^ yards : 107|^ dollars. 

24. Bought in market a pound of butter fo( 18$ cents, q 



80 ' ADDITION OF FRACTIONS. « 

dozen eggs for 12^ cents, a quarter of veal for 66|: cents, and 
a quart of peas for 6 J cents. What did the whole amount to 1 

Ans. 93 1 cents. 

25. Bought of a merchant a hunch of tape for 6^ cents, a 
yard of cotton for 16 cents, a paper of pins for 3H cents, a 
yard of cambric for 26 cents, and a pair of gloves for 43 J cents. 
What was the amount of the billl Ans, 121 J cents. 

26. Bought of a farmer a quarter of beef for 8^ dollars, a 
cord of wof ^ for 2 J dollars, a ton of hay for 13 dollars, a 
quantity o^ X)rn for 18^ dollars, and a lot of bacon for 15 J dol- 
lars. W bit did th c whole amount to 1 Ans. 58f dollars. 

27. On a journr* / traveled the first day 41^ miles, the sec- 
ond 40j miles. th<' third and fourth each 46 miles, the fifths and 
sixth each 39^ n/les. What distance did I accomplish in the 
six days 1 \ Ans, 250iJ miles. 

28. Goi'ig out to collet t money, I received from A 37^ dol- 
lars, from B 20 dollars more than from A, from C 5| dollars 
more than from B, and from D as much as from the other three 
together. What was the whole .sum collected 1 

Ans, 316^ dollars. 

29. A farmer bought at one time 97^ acres of land, for 1000 
dollars; at another, 127f acres, for 1375^ dollars; at another, 
600f acres, for 6831 dollars; and at another, 333 J acres, for 
4013^ dollars. What was the whole quantity of land that he 
purchased, and the sum that he paid for it 1 

Ans, 1058TVff acres ; 13219 \i dollars. 

30. A contributed toward a charitable purpose, 23^ dollars, 
B contributed twice as much as A, C as much as B, D as much 
as A and B together, and E as much as all the rest. What 
was the whole contribution 1 Ans. 376 dollars. 

31. An agriculturist sold to A, 135| bushels of corn, for 66^ 
dollars ; and 20^ bushels of oats, for 5^^ dollars. He also sold 
to B, 17}, bushels of oats, for 4j dollars; and 79 bushels of 
corn for 39 dollars. What quantity of each did he sell, and 
what sum did he receive for the whole 1 

-4.715. 214j bushels of corn, and 37^ of oats : sum received 
il4f dollars. 
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SUBTRACTION OF FRACTIONS. 

§ 112, Subtraction of Fractions consists in finding the 
d^erence between two fractions ; that is, the remaijider when 
the less is taken from the greater. 

The difference between two fractions is found by means of 
a common denamiruUor* 

Thus the difference between ^ and J -is f ; just as the differ 
ence between 4 dollars and 7 dollars is 3 dollars. 

What is the difference between -^^ and ^^^] Between -^ and |ii 
Between y^j and y^jl Between -J-^ and j',] Between y^^ and -t-^ 1 

§ 113« Two fractions may often be reduced, mentally, to a 
common denominator, ( § 99 ), and then subtracted, the one 
from the other. 

Thus to subtract f from 4> we say | is equal to 14, and 4 is 
equal to f J ; then f J — J| = /j. 

What is the difference between f and J? Between | and ^] Be- 
tween ^ and Jjl Between ^ and A] Between | and -^J\ Between 
I and |3 Between ^ and -1|3 Between y^^ and ^'J 

$ 114. A 'proper fraction may be subtracted from an integer ^ 
by first subtracting the fraction from a unit^ and then sub- 
tracting a Unit from the integer. 

Thus to subtract f from 7, we say | from 1 or f leaves f , and 
1 from 7 leaves 6 ; then T — \ = 6?. 

Subtract \ from 13. | from 17. | from 20. \ from 18. - f from 20. 

RULE XXI. 

§ 115. To STibtract erne fnaction from another, 

1. If the fractions have not a common denominator ^ reduce 
them to a common denominator. 

2. Subtract the less numerator from the greater, and place 
the remainder, as a numerator, over the common denominator. 

3. Mixed numbers may be used in subtraction under the 
■ form of improper fractions : or, the fractions in them may be 

taken first in subtracting, and then the integers. 
6 
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EXAMPLES. 

V. To find the difference between y\ ^^^ rs- 
Reducing these fractions to a common denominated, 

we have j\= f?f , 
and ,-«5=/86,, 

Subtracting the less numerator 96 from the greater 105, 
and placing the remainder 9 over the common denomi- 
nator 180, we find ^ — f^y = yf^ = ^, 

2. To subtract I6f from 37J. 

Reducing these mixed numbers to improper-fractions, 
we have 15|= ^, 
and 37|=4'. 
Reducing these improper fractions to a common denomina- 
tor, we have" V =W» ^°^ *f *=W» 
then 37|— I5f =W— ¥/=¥/=22/j, 

Otherwise. Taking the fractions f and f , contained in the 
two mixed numbers, and reducing them to a common denomi- 
nator, we shall find l5|=15jy, 

and37|=37t|. 

Then subtracting jf frpm |f , and 15 from 37 

we have 37||— 15|J=22y«5 as before. 

3. To subtract 26 J from 139 J. 

Reducing the fractions contained in these two mixed num« 
bers, to a common denominator, 

we shall find 139j=:139jV 
and 26 j= 26/g ^ 

102ii 
As /y cannot be subtracted from j^^, we add a umt, that is, 
}| to /y, making f J, and say -^^ from f f leaves jj. 

We then add 1 to the 6, and say 7 from 9 leaves 2, &c. (§ 34.) 

4. To subtract 1843JJ from 2746. 

2 7 46(if) 

1843if 

9 1 tV 

Here we annex, mentally, |f , equal to a unit, to the upper 
number, and say jf from j| leaves ^%. Then adding 1 to the 
Sj we say 4 from 5 leaves 1, &rC. (§ 34).. 
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EXERCISES. 

1. Subtract J from /j, and 10| from 27f. Am, |J and 17^. 

2. Subtract T®j from jf,and 8Jfrom94f. Am. jfiy and86f^. 

3. Subtract/y from |i,and 13|from87j. Am, JJ and73Jf . 

4. Subtract i J from ||,and24Jfrom99|. Am, ^^^ and74j*'j. 

5. Subtract /j from If, and 9ffrom74f. Am, J and64|f. 

6. Find the difference between 349 and 574f . Am, 225j. 

7. Find the difference between 730 and 625f . Am, 104f . 

8. Find the difference between 287 and 720f , Am, 433?. 

9. Find the difference between 934 and 373^. Am, 560 J. 
10. Find the difference between 870 and 780xV« -A^* 89/^^. 

11. If flour were bought at 4j^ dollars per barrel, and sold 
at 6 1 dollars per barrel, what would be the gain per barrel ] 

Am. 1/g dollars. 

12. From a barrel of wine which contained 31^ gallons, 13j 
gallons were drawn . What quantity remained in the barrel 1 

Ans, 17 J gallons. 

13. A person who had to make a journey of 500 miles, has 
traveled 275| miles on his way. How far has he yet to go '^ 

• Ans. 224f miles. 

14. A farmer having 1000 acres t)f land, sells to one of his 
neighbors 479/^ acres. How many has he remaining ] 

Ans. 620 A acres. 

15. A manufacturer who had on hand 700f yards of cloth 
has sold 534 yards of it. What quantity remains on hand 1 

Am. I66f yards. 

16. A merchant bought a quantity of bacon for 15| dollars, 
and a quantity of pork for 23^ dollars. He sold the whole for 
48 dollars ; what did he gain by the* sale 1 Am, 94 dollars. 

17. Bought at one time 147| bushels of xoal, and at another 
time 320 J bushels . Having consumed 200 bushels, I desire 
to know what quantity is still on hand? 

Am. 267|f bushels. 

18. A bought of B 76 yards of cloth ; of which he-sold to 
C 185 yards, and to D 20f yards. How many yards has he 
left] Ans. 35f yards. 

19. A gentleman having 3000 dollars to divide among his 
three sons, gives 753^ dollars to the first, 1284 dollars to the 
second, and the remainder to the third. What sum does the 
third receive 1 Am. 962^ dollars. 

20. A merchant bought two pieces of cotton each contain- 
ing 34| yards, of which he has sold 18 J yards. How many 
yards has he left 1 Am. 60 yards. 
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21. If I should collect from A 200 dollars, from B and C 
each 175^ dollars, and then pay to D 56{ dollars, and to E the 
remainder of the sum collected, how many dollars would E 
receive ? Ans. 494^ dollars. 

22. Bought of A 40 cords of wood for 81 J dollars, of which 
} sold to B 20 cords for 45^ dollars. If I sell the rest of the 
wood to C for 43j dollars, what sum will I gain ? 

Ans. 7^ dollars. 

23. If a quantity of cloth he purchased for 321^ dollars, a 
quantity of silk for 137 dollars, and a quantity of linen for 93} 
dollars, what will he the gain or loss if the whole be sold for 
600 dollars 1 Ans, Gain 47 J dollars. 

24. A person having 100 dollars on hand, laid put 17^ dol- 
lars for provisions, and paid taxes amounting to 2l| dollars; 
what sum had he remaining 1 Ans. 60f dollars. 

26. From the sum of 1600 dollars which I deposited in bank, 
having drawn, at different times, 200 dollars, 137 J dollars, 3 13 J 
dollars, and 79f dollars ; what^um have I yet in bank ? 

^ Ans, 769| dollars. 

26. Bought a quantity of iron for 96 dollars, and of coal for 
81} dollars. The iron was sold for 116j dollars, and the coal* 
for 100 dollars; what profit^ was made on both commodities] 

- ^ Aw5. 38J dollars. 

27. Bought 360 acres of land for 4327j; dollars. Having sold 
137f acres for 1387} dollars, I desire to know how many acres 
remain, and for what sum the remainder should be sold to make 
a profit of 600 dollars on the whole ? 

Atw. 212f acres : 3440} dollars. 

28. A merchant bought one piece of cloth containing 63 J 
yards, another containing 39} yards, and another containing 40 
yards. Having sold 13 yards from the first piece, 24| from the 
second, and 19}- from the third, the merchant wishes to know 
the whole number of yards he has remaining. 

Ans, 76 yards. 

29. A speculator bought 1000 acres of land for 1687f dol- 
lars, and 600 acres for 737} dollars. Having sold 946^ acres for 
2000 dollars, he wishes to know what quantity of land he has 
remaining, and for what sum he could afford to sell the remain- 
der, so as to lose nothing on the whole, 

Ans, 664^ acres ; 3264g dollars. 
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MULTIPLICATION OF FRACTIONS. 

§ 116. Multiplying by a fraction consists in finding such a 
part of the multiplicand as is expressed by the multiplier. 

) For example, 12 multiplied ^ f is 5 times \ of 12, which is 
{ of 12, equal to 10. 

How many is ^ of 6, or 6 multiplied by\'\ 6 multiplied by ^ t 
How maiiy is J of 12, or 12 multiplied by ^ 1 J of 12, or I2X J ? 

i of 20, or 20X i? ' t of 20, or 20Xf ? f of 35, or 35Xf ? 

\ of 30, or 30Xi 1 i of 30, or 30Xf ? i of 40, or 40Xi '^• 

How many is 12 multiplied by 3^ ; that is, 3 times 12, together with 
4 of 12 ? 8 multiplied by 4^ 1 lOXOf ? 12X5J 1 

How many is 20 multiplied by 4^ : that is, 4 times 20, together with ^ 
of 20? 24 mulUpIied by 3J 1 8X9|1 ISXlOf] 

Compound Fractions. 

§ 1-1 T. A fraction multiplied by another fraction, or divided 
by an integer, may be expressed as a compound fraction, that is, 
a fraction of a fraction. 

Thus f Xf is § of f, (§ 116 ;) and f-^4 is J of f, (§ 61). 

The expressions f of f , and J of f are called compound frac- 
tions, in contradistinction to simple fractions, which consist of 
a single numerator and denominator. Hence, 

§ 118. Multiplying two or more fractions together is equiv 
alent to reducing a.co?npound to a. simple fraction. 

RULE- XXII. 

§ 119. To multiply two or more fractions together. 

1 . Multiply the numerators together for a numerator, and 
the denominators together for a denominator. 

2 . An integer and a fraction are multiplied together, by multi- 
plying the numerator, or dividing the denominator, of the frac- 
tion, by the integer. 

3. A mixed number may be used in multiplication under the 
form of an improper fraction ; or the integer and fraction in it 
may be taken separately in multiplying^ — observing to add to- 
getlier the separate products. 
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EXAMPLES. 

1 . To multiply f by J ; that is, to find J ot f . 

5X3 

fXj — 7x4 — ^*' 

2. To multiply /j by 6 ; that is to find 6 times ^, 

Multiplying the numerator by the integer ^ ^ 

6X6 
we have /5X6=-2j-=|J=lA=li. . 

■J 

Or, dividing the denominator by the integer, 

5 
we have/jX6=^XZg=f=l4: ; as before. 

3. To multiply 6| by 2J ; that is, to find twioe 5f , together 
with ^ of 5f . 

Reducing the two mixed numbers to improper fractions^ 
we have 5f=;=y, and 2j=f. 

Then 6|X2i=y X|=V=14i. 

Otherwise. Taking the integer and fraction in each mixea 
number, separately, we shall find 6|X2=llJ. 

and ^ of 6f=2f . Then llj+2f==14i. (§ 23). 

In multiplying, we say twice | is J, equal to Ij. Setting 
down J, and earthing 1, — twice 6 is 10, and 1 is 11. 

Next, J of 5 is 2, with 1 over ; this 1, equal to f, added to 
the f makes f ; then J of f is f Xi=|» 

q;^ Recurring to the first example, we remark, first, that i of i^ is ^. 

For if any quantity were divided into 7 sevenths^ and each one of these 
sevenths were divided into 4 equal p'arts, these last parts would be 2Sths 
of the quantity, since 7 ^mes 4=28. 

That is, I fourth of I seventh is ^. ' 1 fourth of 5 sevenths is, there- 
fore, -f^ ; and 3 fourths of 5 seventh^ is 3 times as much as I fourth of 
it, that is, 3 times /^, which is i^f. 

This demonstration discovers two principles, as involved in the Rule for 
multiplying a fraction by a fraction. 

First. Multiplying the denominator of a fraction, finds such a part 
of the fraction as is expressed by the reciprocal of the multiplier ,• and, 
then, secondly, multiplying the numerator finds as many of such parts 
as are expressed by the multiplier. 

Thus, multiplying the denominator of ^ by 4, finds /y =i of f ; 
then, multiplying the numerator of /y by 3. finds Jf =} of f .',^ID 
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From the preceding demondtration it follows that, 

§ 120. In fractional, as in integral, multiplication, the pro 
duct remains the^ame, when the multiplicand and multiplier are 
taken, the one for the other. Thus f of j=J of f . 

EXERCISES. 

1. Multiply f by I, and ^ir by 5. Ans, ^^ and 1}. 

2. Multiply f by |, and ^ by 10. Ans, ^*^ and 3f . 

3. Multiply i^by i, and .13 by J. Ans. ^j and 4 J. 

4. Multiply ^r by f , and 15 by J. Ans. l^y and 12. 

5. Multiply /y by f, and 39 by f. Ans. ff and 16f . 

5. Multiply 8J by i, and 9| by 3. Ans. 4| and 29. 
7. Multiply 10 J by 6, and 12| by f Ans. 62^ and SJ. 

6. Multiply 15 by 3^, and 20 by 4}. Ans. 48| and 90. 
9. Multiply 9f by 5|, and lOf by 1|. Ans. 63|f and 19^. 

10. Multiply 25f by 4i, and 30 by 9|. Atw?! 109 J} and 294. 

11. What should be paid for f of a yard of linen, at the rate 

of } of a dollar per yard ? 

* 

It is plain that iof a yard wiU cost ^ cf i of a ddlar. J of 
{, the same as ixh^ ^ compound fraction, to be reduced to a 
simple fraction. (§ 118). Ans. |J of a dollar. 

12. What should be paid for f of a barrel of apples, if the 
whole barrel be worth j J of a dollar 1 Av>s. f of a dollar. 

13. A person owning y^ ^^ ^ \X2iCX of land, sells f of his 
share to A ; what part of Uie whole tract does A purchase 1 

Ans. J^ of the whole. 

14. What should be paid for ^ of { of a pound of tea, at the 
rate of j| of a dollar per pound 1 Ans. ^^ of a dollar. 

15. A gentleman owning l of a ship, sells \ of his share to 
A, and the rest of it to B. What part of the whole ship does 
he sell to each ^ Ans. To A ^, and to B /^ of the whole. 

16. Bought f of an acre of ground at the rate of 18j dollars 
per acre ; required the sum to be paid for rt. 

Ans. llj dollars. 

17. Sold 2$i bushels of clover seed at 7^ dollars per bushel, 
and 3 bushels at 7 dollars per bushel ; what did the whole 
amount to 1 Ans. 205} dollars. 

18. Find the entire cost of } of a pound of pepper at ^ of a 
dollar a pound, ^ of a hundred weight of flour at 2^ dollars a 
hundred, and 2 J yards of cloth ^.t 7 dollars a yard. 

Am, 16}J dollars. 
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In multiplying two or more fractions together, eqiuil factors 
may be cancelled in the resulting numerator and denominator, 
without affecting the value of the product. ({ 92, } 69). 

19. Reduce f of | of | of -^ to a simple fraction. Ans, •^^. 

20. Reduce | of f of | of 7^ to a simple expression. Ans, 1^. 

A factor of a composite number is canceled by substituting 
the other factor of that number for the number itself. (§ 66). 

21. Multiply y'y of ^ of i^ by H of ^i- ^ns. ^. 

22. Multiply |f of ^ of ^ by 4 of 21 . Ans. Jf. 

23. Multiply -i^ of yV of 8J by ^ of 10?. Ans, l^f . 

24. Haying purchased 350 bushels of wheat at J of a dollar a 
bushel, and sold f of the quantity at 1 dollar a bushel, what 
would I gain or lose on the whole by selling the remainder at | 
dollar a bushel? Ans. Gain 14y\ dollars. 

25. In how many d^ys ought one man to accomplish an un- 
dertaking which 17 men could perform in 13} days? 

Ans. 227| days. 

26. A farmer bought ^ of a tract of land which contained 
7d6| acres, and sold to his neighbor ^ of his purchase. What 
part of the whole tract, and how many acres, did he sell ? . _ 

' .^^715. f of the tract; 29 4 J acres. 

27. Bought of A 3| cords of wood, at 2 J dollars per cord; 
of B 7} cords, at 1| dollars per cord; and of C 10 cords, at 
2-;^ dollars per cord. What was the whole quantity of wood 
purchased, and the whole sum paid for it? 

Ans. 20} cords ; 42^ dollars. 

28. If 3 masons can build a wall of a certain length, height, 
and thickness, in 13^ days, in what time ought one mason to 
build a wall of the same height and thickness, but 2^ times as 
long? Ans. 91 J days. 

29. A speculator bought of A 189 acres of land at 10 dol- 
lars an acre, and of B 250} acres at 13 dollars an acre. He 
sold I of the first tract at 18| dollars, and | of the second at 
19 dollars an acre; what would he make, on the whole, by sel- 
ling the remainder of both tracts at 20 dollars an acre? 

Ans. 3352|f dollars 
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DIVISION OF FRACTIONS. 

$ 121. Dividing by a fractiony as well as by an integer, con- 
sist^n finding how many times the dividend contains the divisor, 
or what part 3ie dividend is of t&e divisor. 

Thus f divided by f gives the quotient 3, because f contains 
f 3 times ; and t^ divided by f gives the quotient \y because ^ 
U i of f . 

How many times does | contain {, or what is the quotient of { divided 
by J 7 Of y^ divided by ^^ 1 Of j J divided by ^ 7 

What part is ^ ol J, or what is the quotient of ^ divided by J ? Of J 
divided by 1 1 Ot f divided by f ? Of ?-T-f ^ Off-^yi 

§ 122. In fractional, as in integral, division, the dividend is 
a product given, and the divisor one of its factors given, to find 
the other factor. . 

Thus j^-T-f is equal to |, because -f^ is the product of |X}> 
that is, -^ is I of f ; the quotient | expressing the part that 
the dividend -^ is of the divisor f . 

What is the quotient of ^ divided by J ; that is, } being one factor of 
A, what is the other factor 1 Of Jg-^/jy 1 Of f J-^-f 1 . Of ||-r-| 1 

Reciprocal of a Fraction. 

$ 123* The reciprocal of a fraction is the fraction inverted ; 
and is equal to a unit divided by the fraction. ($ 50). 

Thus the reciprocal of f is J ; equal to 1 or ^ divided by f . 

What is the redprocal of 1 1 Of f ? Of y*^ ? Of f f ? 

The reciprocal of a mixed number is that of its equivalent 
improper fraction. Thus the reciprocal of 6J=»^ is ^, 

What is the redprocal of 2i ? Of 7J ? Of 10 J ? Of 9-^ ? 

Complex or Mixed Fractions. 

§ 124. When the dividend or divisor is n fraction or a mixed 
number, the dividend placed over the divisor, with a line 
between, forms a complex or mixed fraction. 

Thus, 1-7-6, 2-7-3J, may be expressed, respectively, by the 

f 2 

complex fractions r, and »t. 
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These complex fractions may be read— /iwmer^i/or f , c2enom- 
inator 5 ; numerator 2, denominator 3^. 

A complex, as well as a simple, fraction is equal to its nu- 
merator divided by its denominator. (§ 92). 

RULE XXIII. 

§ 125. To divide a fraction hy a fraction, 

1. Divide the numerator of the dividend by that of the di- 
visor, and the denominator by the denominator ; or 

2. Multiply the dividend by the reciprocal of the divisor, 

3. A fraction is divided hy an integer, by dividing the numer- 
ator by the integer, or multiplying the denominator by the 
integer. 

4. An integer is divided by a fraction, by multiplying the 
integer by the reciprocal of' the fraction. 

6. A mixed number may be used in divisioji under the form 
of an improper fraction. A mixed number may also be divided 
by an integer, by dividing the integer and fraction in the mixed 
number, separately. 

EXAMPLES. 

1. To divide iJ by f . ^ 

Dividing numerator by numerator, and denominator by de- 
nominator, 

18^2 
we h^ave i§^f=2-^-=|=2i. 

2. To divide ^y by J. 

Here we cannot divide numerator by numerator, and de- 
nominator by denominator, without remainders. Multiplying, 
therefore, the dividend by the reciprocal of the divisor, 

we have ^5-f-S=i^Xf=fJ. 

3. To divide iS by 6. 

Dividing the numerator of the fraction by the integer, 

lO-t-5 
we have |S-t-5=-^ -=^V- 

Or, multiplying the denominator by the integer, 

10 
we have +8-^6=jg^^=iJ=TV as beft»e, • 
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4. To divide 123 by |. 

Maltiplymg the integer by the reciprocal of the fraction, 

we have 123-^4=123 Xf=4^=163}. 

6. To divide 163} by 6. 

Reducing the mixed number to an improper fraction, 

we have 163|-r-6=^SJ-r-6=^V=32|i. 

Oiherwise. Dividing the integer and fraction in the mixed 
Diimber, separately, 

5)163 f 

'32H 

We Bay 6 in 16, 3 times and 1 over; 5 in 13, twice and 3 
over : this 3 and the } make 3|, equal to V ; then V-r-5, that 
i8,iof V»is If 

(;;;j* Dividing afradum by a fraction is the reverse of muitip lying 
a fraction by a fraction. (§122V 

When the terms of the dividend cannot be divided by those of the 
divisor without a remainder, suppose each term of the former X by both 
terms of the latter; this will not dlter the value of the dividend. (§93). 
Then the resulting numerator ~ the numerator of the divisor, and the 
denominator by the denominator, gives, for the quotient, the dividend X 
the reciprocal of the divisor. 

Thus, in the second example, 

9 X2X3 9 X2X3 9 X3 

*=35><3X3' '"''35X2x1^=35X8='^ X*=** J^'tienUP) 

Prom the Rule, thus demonstrated, it follows that, 

k 11^6« Dividing by a Fraction is equivalent to multiplying 
the dividend by the reciprocal of the divisor. 

In thus multiplying, equal factors may be canceled in the re- - 
salting numerator and denominator, (^ 92, § 69). 

Thus ■j?5-ri = -j-\xf = fX|, or simply f, by only dividing 8 
and 4 by 4. aiid 1 5 and 5 by 5. 

EXERCISES. 

1. Divide iJ by |, ajid §i by 7. Am, l^ and ^j,, 

2. Divide iJ by J, and ^\ by 9. Ans. Jj J and yjj. 

3. Divide ^ by \\y and 29 by f . Arts, -ff^ and 40f . 

4. Divide jf by f , and ^^ by 13. Ans, \)f and ^J^. 

5. Divide ?| by |, and 95 by jV ^'^- i ^^^ 136<f. 



34. 


-4.715. 


/n^and 34i. 


7. 


Ans. 


162f and 17|f . 


9f. 


Ans. 


jfjand 31|. 


ej. 


Am. 


125 and 2^ J. 


8. 


Ans, 


itand42|f. 


7f. 


Ans, 


377| and 57 J f 


lOf. 


Ans, 


TbandligJ. 


11. 


Ans. 


1356J and,19JJ. 
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6. Divide 8J by 6J. 
Bedudng the mixed nwmbers to improper fractions, * 

wehave 8|-r-6|=V-^V=¥XA=W=l|J- 

7. Divide ^f by • 9, and lOf by 

8. Divide 95 by yV, and 125^ by 

9. Divide f J by 12, and 38 by 

10. Divide 100 by |, and 15f by 

11. Divide ffby 3,and340|by 

12. Divide 236 by f , and 425 by 

13. Divide ^byy^and 18|by 

14. Divide 370 by ^, and 21 3^ by 

15. Divide yVff by 21, and llby213j. Ans. yiir and /^V 

16. How many yards of calico, at ^ of a dollar per yard, may 
be purchased for |^ of a dollar ) 

The number of yards wiU be the number of times J of a dollar 
15 contained in | of a dollar, that is, ^-i-^. Ans. 3^ yards. 

17. How many weeks will a family be in consuming 19 J 
barrels of ftour, at the pate of f of a barrel per week ? 

Ans. 26f weeks. 

18. How many days would a person be in traveling 175 J 
miles, at the rate of 31 J miles per day 1 Ans. 5^j days. 

19. A gentleman purchased a farm for 4379 -^ dollars, payin«r 
16{ dollars per acre. Required the number of acres purchased. 

Ans. 259^ acres. 

20. A merchant laid out for broadcloth 5727 dollars, paying 
5| dollars a yard. Required the number of yards purchased. 

Ans. 996 yards. 

21. How many barrels of wine are there in 2753 gallons, 
allowing 31^ gallons to make one barrell Ans. 87f f barrels. 

22. How many years would there be in 5783^ days, allow- 
ing 365J days to make one year 1 Ans. 15 jfjf years. 

23. What quantity of salt may be purchased for ^ of a dolr 
lar, at f of a dollar per bushel 1 

i of a doUar will buy the same part of a bushel that ^.of a dol- 
lar is of ^of a dollar ; that is, |-T-f • Ans. | of a bushel. 

24. What quantity of iron may be purchased for 22^ dollars, 
at the rate of 45 dollars per ton 1 Ans. ^ of a ton. 

25. What quantity of land may be purchased for 15J dollars, 
at the rate of 29 dollars per acre 1 Ans. -j^^ of an acre. 

26. If a person could accomplish a certain work in 25^ days 
what part of the work could he perform in 9J days ] 

Ans. -^^^n of the work. 
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27. A laborer a^eed to work 30 days for a certain sam of 
money ; having worked but 17J days, what part of the stipu- 
lated sum ought he to receive 1 Ans, ^ of it. 

28. A mason having undertaken to build a wall of a specified 
length, height, and thickness in 100 days, it is required to de- 
termine what part of it he ought to finish in 39^ days. 

Am, '^^ff of it. 

29. If f of a yard of cloth cost 5 dollars, what is the price 
df a yard of the cloth at the same rate 1 

2 thirds of a yard Imng worth 6 doHlarSy 1 third of a yard is 
worth i of 5 dollars; Jience a whole yard, or 3 thirds of a yard, 
is worth i of b ddUars ; that is, 6 X |> or 6-f-|. 

We may also reason thus : the price of a yard wiU he such that 
{ of the price wiU be 6 dollars ; or the price X t=5 dollars. 

Hence 6 is a dividend or product given, J a divisor or one 
factor given, to find the quotient, which will he the other factor, 

Ans, 7J dollars. 

30. If ^ of a ton of hay sell for 10 dollars, what should be 
paid for a ton of hay at the same rate ? Ans, 13^ dollars. 

31. If f of an acre of ground bring 21 J dollars, what should 
be given for an acre at that rate ] Ans. 34 dollars. 

32. Allowing f of a ton of coal to amount to 6f dollars, 
what is the value of a ton at that rate 1 Ans, 6|} dollars. 

33. Allowing -^^ of an acre of ground to produce 19^ bushels 
of wheat, what would one acre produce at the same rate 1 

Ans, 27f bushels. 

34. What should be paid for 4 yards of cloth, when J of a 
yard costs 6^ dollars 1 

First find what should be paid for one yard, 

Ans. 34f dollars. 
36. What should be paid for 7 gallons of wine, when i of a 
gallon costs 1 dollar 1 Ans, 14 dollars. 

36. What should be paid for 10 acres of ground, when f of 
an acre sells for 28 dollars 1 Ans. 373^ dollars. 

37. What should be ^aid for 12 yards of silk, when { of a 
yard sells for Ij dollars ] Ans. I7i^ dollars. 

38. What should be paid for 9^ barrels of flour, when ^ of 
a barrel sells for 3 J dollars ] Ans. 71 J dollars. 

39. Allowing f of an acre of land to be worth 15 J dollars, 
what should be given for 120j acres at the same rate 1 

Ans. 6 101 J dollars. 

40. Allowing /^ of a ton of steel to amount to lOOj dollars, 
what would 3| tons amount to at the same rate ) 

Ans. 424^ dollars. 
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42. If 5J barrels of flour sell for 24 dollars, what is the price 
of one barrel at the same rate 1 

5^= y ; 1 1 halves cost 24 dollars ; 1 half will cost ^ of 24 
dollars ; one barrel, or 2 halves, will cost ^j of 24 dollars ; that 
IS, 24Xt*t> <^ the part of 24 eocpressed hy the reciprocal of 5^. 

Atw. 4j\ dollars. 

43. If a man travels 27f miles in | of a day, at what-^ate 
does he travel per day ? Ans. 36f miles. 

44. If a ship sails 575 J miles in 6 J days, what is the aver- 
age distance that she sails in one day ] Ans, 85y\ miles. 

45. What is the price of silk per yard, when 3 J yards cost 
4J dollars 1 What would 7 yards cost 1 

Ans, \\ dollar ; and 8} dollars. 

46. What is the price of coal per ton, when f of a ton costs 
9 J dollars "J What would 10 J tons cost ] 

An^. IQ\ dollars ; and 166 f^ dollars. 

47. What is the price of land per acre, when 13 acres cost 
71 J dollars 1 What, would /j of an acre cost 1 

Ans, 5^ dollars ; and 4Jg dollars. 

48. If 26 cords of wood sell for 68j dollars, what is the 
price per cord % What should be paid for J of a cord ? 

Ans. 2 J dollars ; 2^ dollars. 

49. If a man walk 62 J miles in 18^ hours, at what rate does 
he walk per hour 1 How far could he go in 20 hours ? 

Ans. 3 jYj- miles ; and 67j*j3y miles. 

50. If a rail road car run 230 miles in lOj hours, what is its 
average run per hour 1 What distance ought it to run in 23 
hours'? Atw. 22if miles ; and 5 16^^ miles. 

51. If 2 J ^hundred weight of sugar cost 17^ dollars, what 
will 15 hundred weight cost at the same rate ? 

First find the cost of one hundred weight, Ans. 105 dollars. 

52. If 9^ tons of hay amount to 78 dollars, what would 7J 
tons amount to at the same rate 1 Ans. 60 dollars. 

53. A farmer bought 3 J tons of plaster for 14 dollars,- and 
sold to his neighbor li tons of it, at the same price per ton. 
What did the part sold amount to 1 Ans. 5 dollars. 

54. A sold to B 30 acres of land for 622t} dollars ; and B 
sold to C 12j acres of the same land at the same price per 
acre What did C pay for the land he bought ? 

Ans. 264 j9g dollars. 
56. D bought of E 35^ bushels of clover seed, for 142 dol- 
lars ; and afterwards sold to F 4: of his purchase, at a profit 
of IJ dollar per bushel. What did the part. sold to P amount 
to 1 Ans. 46if dollars. 
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ADDITION, ETC., OF FRACTIONS. 

EXERCISES ON CHAPTER V. 

§ 137. Compound and complex fractions are prepared for 
addition, subtraction, &c. by reducing them to simple fractions ; 
such reduction being nothing more than the multiplication and 
division of fractions. (§ 118, and § 124). 

1. Find the sum of i of f , | of |, and i of ^'^ of ^^. 

Arts. IfJJ-. 

2. Find the difference between J of f , and f of f of /?• 

Arts, iff; 

3. Find the product of f of f multiplied by J of f of J. 

Ans. w^j. 

4. Find the quotient of | of /j divided by J of J of 16|. 

Ans, T^rVj- 
2J ^ 
6. Multiply the sum of "gT and 3^ by the sum of 2^ and f . 

Ans. 71. 
2I _9 

6. Divide the sum of 4 and 12^.^^ the sum of 3| and /p. 

Ans, iflf. 

7, Find the value of the expression 

(f+i+5i^i of i)X4. Ans, 25^. 
o. Find the value of the expression 

(10|-5|+2i-f of f)Xf. Ans, S^V 
9. Find the value of the expression 

(I9i+i'ff-15+i of 2i)X J Ans, 3^. 

10. Find the value of the expression 

(254+l+f— i of 15)-^^i Ans. 485A. 

1 1 . Find the value of the expression 

6 3i 

(gj+i of I of I of m-r-^ Ans, S^\. 

12. A and B together have 387 f dollars, and B has 31^ dol- 
»ars more than A : what sum has each of thwn ] (§63.) 

Ans. A 178/ff, and B 209/^ dollars. 

13. Bought at one time 10 bushels of wheat, at another 12| 
bushels, and at another 25| bushels ; at 1 J dollar per bushel : 
what did the whole amount to *» Ans. 60i| dollars. 
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14. Haying on hand 19f tons of iron, if I sell 10^^ tons of it 
i^t 45 dollars, and the remainder at 43 dollars per ton, what 
will the whole amount to 1 Ans, 871j»j dollars. 

16. Paid 70 dollars for wood, at 2 dollars per cord ; and af- 
terwards sold ^ of the quantity, at 3 J dollars per cord. What 
did the wood sold amount to 1 Ans, 2Sj\ dollars. 

16. Laid out 69|f dollars for silk at f of a dollar per yard, 
and sold ^ of the quantity purchased, at a profit of f of a dol- 
lar per yard. What did the part sold amount to ? 

Ans, 42f f dollars. 

17. If J of a yard of broadcloth cost 4 J dollars, what should 
be paid for f of a yard at the same rate ? Ans. 3 J dollars. 

18. If 3 J hundred weight of hemp sell for 16^ dollars, what 
Rum should be paid for lOf hundred weight"? 

Ans, 53 J dollars. 

19. A bought of B 13J tons of hay at 9 dollars per ton, and 
of C 15f tons at 10^ dollars per ton. A then sold to D 9 tons 
at 12 dollars, and the rest of his purchase to E at 13 dollars, 
per ton : what did he gain on the hay 1 Ans, 83j dollars. 

20. If 5 barrels of flour will supply a company for 20 days, 
how many days would 7^ barrels supply the company 1 

Ans. 30 days. 

21. In how many days ought one man to accomplish a piece 
of work which 6 men could do in 33 J days 1 In how many 
days ought 14 men to accomplish the same worki 

Ans. 167^ days; and llff days. 

22. How long ought 13 persons to subsist on a stock of pro 
visions which would be sufficient for 10 persons 29 J days? 

Ans. 22j% days. 

23. A person bought 19 barrels of apples, at 2^ dollars per 
barrel. Having sold 12 J barrels of them at 2.J dollars a bar- 
rel, at what price per barrel must he sell the remainder, to make 
a profit of 5J dollars on the'whole ] Ans. 2 JJ dollars. 

24. Bought at one time 320 acres of land, at 25| dollars an 
acre; and at another time 276 acres, at 31 J dollars an acre. 
If ? of the whole quantity were sold at 20 dollars, and the 
remainder at 30 dollars an acre, what \vould be the gain or 
loss ] Atw. Loss 145 3 J dollars. 

25. If 3 men can plow 15^ acres of ground in 4 days, how 
much ought 1 man to plow in one day 1 How much ought 5 
men to plow in 7| days ] Am. l/j acres ; and 47^ J acres. 

26. A purchased of B 40 yards of cloth for 260 dollars. He 
then sold to C f of his purchase at a profit of | dollar per yard, 
and the remainder to D at a loss of J dollar per yard. What 
did A gain or lose by these several transactions? 

Am: Gained 7 dollars. 
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CHAPTER VI. 

DECIMAL FBACTIONS. — DECIMAI. OR FEDEBAL MONET. 

DECIMAL FEACTIONS. 

§ 129. A Decimai Fraction is one or more 10^, or lOOths, 
or lOOOths, &c., of a quantity, expressed by its numerator only 
with a point prefixed ; — ^its denominator being understood to be 
1 with as many Os annexed as there siejigures in the numerator. 

Thus .3 is ^jjj the denominator being understood to be 1 with 
one cipher annexed, since there is one figure in the numerator. 

But .03 is yj(^ ; the denominator being understood to be 1 
with two Os annexed, because there are two figures in the nu- 
merator .03. 

What is expressed by .4, 4 with a point prefixed? By .06, 6 with a 

and pomt prefixed 1 By .006 ? By .0005 ? By .00001 1 

One tenth is how many hutidredths ? One hundredth is how many 
thousandths ?- One thousandth is how many ten-thousandths ? 

The simple term decinud is sometimes used to designate a 
decimal fraction. 

§ 129. A vulgar fraction, as distinguished from Rdecimcd, is 
any fraction expressed .by a numerator and denominator ; as, 

1 > ?> tV* 

The term fraction, used alonfe, commonly denotes a vulgar 
fraction. 

Notation of Decimals. 

$ ISO* The first figure on the right of the decimal point, 
denotes tenths; the second, hundredtlis ;^ihe third, thotisandths ; 
and so on, t ten-thousandths, hundred-thousandths, millionths, 
ten-mi liionths, &c. 

Thus in the decimal .12 3 4 5 6, 
the 1 is 1 tenth, the 2 is 2 hundredths, the 3 is 3 thousandths, the 
4 is 4 ten-thousandths, &.c. But 

$ 131. T\ie Jirst two figures on the right of the decimal point 
will together denote hundredths; ike first three will together 
^woV^ ihmsandihs ; the first fouTi ten-thousandths, dtc. 

7 
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Thus in the decimal .12, the 1 being ^=j\^(j, and the 2 be- 
ing jjj, both together make 12 hundredths. 

Again, in .123, the 12 is y^^j^, the 3 is. ji/^y^, and the whole' 
123 thousandths. 

This is in accordance with the fact that the denominator un- 
derstood to a decimal, is 1 with as many Os annexed as there 
are figures in the numerator, (§ 128). 

Complex (yr Mixed Decimals. 

§ 132. A complex or miooed decimal is a decimal fraction with 
a vulgar fraction annexed to it. 

Thus .5 J is 6 J tenths; that is, 6 tenihs and J of 1 te7ith;=rrz > 

.26j is 25 J hundredths ; the same as — . 

The vulgar fraction annexed to a decimal, denotes its proper 
part of 1 tenth, or 1 hundredth, &c., according as it is annexed 
to tenths, or hundredths, &c.; and must not be reckoned as in 
a separate place of decimals. 

Scale of Decimals, 

§ 133. In decimals, as in integers, ten of any lower order 
make one of the next higher order ; or one of a higher order 
makes ten of the next lower order. 

Thus beginning at thousandths, for example, 10 thousandths 
make 1 hundredth; 10 hundredths make 1 tenth; 10 tenths make 
1 unit. 

That is, the system of numbering by teris, is carried from 
units up through tens, hundreds, &c., and from units doum through 
tenths, hundredths, &.c. 

RULE XXIV. 

§ 134* To read a Decimal Fraction, 

Call the successive figures tenths, hundredths, thousandths, ten 
thimsandtl^, &c., from the decimal point toward the right ; then, 
disregarding Os next the point, read tlie number as if it were 
an integer, and add the decimal name of the last figure, 

EXAMPLES. 

I. To read a decimal .03467. 

Calling the figures tenths, hundredths, &c. toward the right 
we find the last figure 7 to be 7 hundred thousandths. 
Hence the decimal is 3457 hundred-thotisandihs* ($131.') 
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2. To read the mixed number 306.004. 

The 4 is 4 thousandths ; the whole is read, three hundted and 
Jive, and four thousandths. 

Note. — An ambiguity may sometimes arise in the enunciation 
of decimals and mixed decimal numbers. 

For example, .305 is three hundred and five thousandths ; and 
300.005 is three hundred, and five thousandths. 

But when read in this manner, the two are not sufficiently 
distinguished from each other. The ambiguity may be prevented 
by using the word decimal h^ore the fraction ; thus, .3 6, deci- 
mal 305 thousandths ; 300.005, 300 and decimal 6 thousandths. 

EXERCISES. 

Read each of the following decimals and mixed numbers. 



1 34. 

2 037. 

3 4.309. 

4 . 38.63. 

6 68.704. 

6 .3368. 

7 43.009. 

8. 6.0007. 

9 8739.3. 

10 ^73.864. 

11 . 4.00006. 

12 3068.37. 

13 27.1007. 

14 39.3834. 

15. ..... . 341.0101. 



16 37403. 

17 54386.7. 

18 609.703. 

19 72.3436. 

20 . .38007. 

21 943.479. 

22 83.4863. 

23. ....... . 73.8400. 

24 8.3000. 

25 1.26836. 

26. ....... . 8.73473. 

27 7638.67. 

28. ....... 83.748. 

29 7367.85 

30 96.73867 



Ciphers Annexed or Prefixed to Decimals. 

§ 135. Ciphers annexed to a decimal fraction do not aliej 
the valve of the decimal. 

Thus .3=.30=.300, &c., since ^Q=^Q=j^J^Q(iQ, &c. (§ 93) 

§ 1S6, Each between the decimal point and the first sig 
nificant decimal figure, diminishes the decimal to j^ of its valut 
without the 0. 

Thus .3 is 3 tenths, .03 is 3 hundredths, and .003 is 3 thcnisandths. 
jh is tV of ^ff, and 7^57 is iV <if ih J (* H^). 

How may the integer 1 be made to denote 1 tenth ? I hundredth ? 
1 thousandth ? 1 ten-thousandth 1 1 hundred-thousandth 1 

How may the integer 5 be made to denote 5 hundredths ? 6 thott 
sandths ? 5 hundred-tliousandlhft ? 5 millionths ? 
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RULE XXV. 

i 137* To denote tentlis, hundredths, 4*c., b^ decimal fraciionn. 

Prefix the decimal point to the numerator, interposing so 
many Os, when necessary, next the point, that — ^the successive 
figures being called tenths, hundredths, thousandths, &c., toward 
the right, — ^Uie last figure shall have the same decimal name 
with Sie parts to be expressed. 

EXAMPLE. 

1. To denote 54 ten-thousandths-hj a decimal fraction. 

.0 06 4 

Prefixing the decimal point to the numerator 54, and inter- 
posing two Os next the point, we find that, when the several 
figures are called tenths, hundredths, &c., toward the right, the 
4 is ten-thousandths, — ^which is the name of the parts to be 
expressed. 

EXERCISES. 

{n the notation of both integers and decimals. 

Write in figures the following numbers— observing that, in 
the verbal expression, the integral and fractional parts are 
separated by a comma, 

17. Twenty thousand and sev- 
en, and nineteen ten-thou- 
sandths. 

1 8. Fifteen millions, and three 
hundred and two thous'dths. 

1 9 . Five hundred and four thou- 
sand, and nine ten-thous'dths. 

20. Five millions two hundred 
and one thousand, and three 
tenths. 

21. Seven hundred millions, 
and three hundred and nine 
thousandths. 

22. Eighteen millions three 
hund. and seventy-six thou- 
sand and thirty, and twelve 
hundredths. 



1. Fifteen hundredths. 

2. Nineteen thousandths. 
» 3. Six ten-thousandths. 

4. Twenty-four thousandths. 

6. Five hundred thousandths. 

6. Thirty-nine millionths. 

7. One hundred thousandths. 
6. Ten ten-milliouths. 

9. Forty-nine hundredths. 

10. Seventeen ten- thous'dths. 

11. Fifty-two thousandths. 

12. Seventy-one hundredths. 

13. Eight hundred thous'dths. 

14. Ninety-one millionths. 

15. One hundred thousandths. 
16.* Four thousand and nine, 

and five thousandths. 
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FEDERAL MONEY. 

§ 139. Federal money, or money of the United States, is 
expressed in units according .to the decimal scale of nomera^ 
tion, that is, numeration hjtens. 

The units of Federal money are. 

Eagles, Dollars, Dimes, Cents, and Mills. 

10 mills m make 1 cent, ct. 

10 cents <' 1 dime, d. 

10 dimes, or 100 cts. " I dollar, $. 
10 dollars v " 1 eagle, E, 

The character $ is prefixed to dollars ; thus (5 is 5 dollars. 

One een^ is what part of a dollar ^ 3 cents are what part of a $ ? 
One mill is what part of a cent ? 7 mills are what part of a cent ? 
One mill is what part of a dollar ? 9 mills are what part of a $ 1 

§ 1 39. The only denominations of Federal Money in common 
use, are dollars and cents ;-— eagles heing expressed in dollars ; 
dimes, in cents ; and smaller values in fractions of a cent. 

Thus, instead of 5 eagles, 4 doUars, 3 dimes, 2 centSf and 6 
mills ; we would say 54 dollars, 32^ cents, 

decimal notation of federal money 

Cents heing expressed only in numbers less than 100, and 
mills in numbers less than 10, we have the following 

RULE XXVI. 

^ 140. For the decimal expression of Federal Money. 

Regarding dollars as integers, make cents and mills decimals 
of a dollar, by prefixing to them the decimal point, — observing 
to interpose a next Qie point, when the number of cents is 
less than 10, — and two Os next the poiilt when only mills» or a 
fraction of a cent, are given. 

£XAMFL£S. 

31 cents is $.31, 31 hundredtlis of a dollar ; 

6^ cents is 8.06^, 6^ Jiundredths of a dollar ;( $139.) 

6 mills is $.005, 5 thousandHis of a dollar ; 

I of a cent is $.00}, | of 1 hundredih of a dollar ; 
7efo. and 6 m. is $.075, 76 ihousandihs of & dolltt« 
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It may be useful to observe here, conversely, that, 

§ 141* In a decimal fraction of a dollar, the first figure after 
the pqint denotes tenths of a dollar, or tens of cents; S^e second 
denotes cents; the first two together denote cents; the third, 
miUs ; the fourth, tenths of a mill, &,c, 

Thus $,6 is 5 tenths of a dollar, equal to 50 cents; 
$.453 is 45 cents and 3 mills ; 
$.0625 is 6 cents, 2 mills, and 5 tenths of a mill. 

DECIMALS REDUCED TO VULOAB FRACTIONS. 

RULE XXVII. 

§ 143. To reduce a decimal to a vulgar fraction, 

1. Remove the uiecimal point from the numerator, and 
inderneath set the proper denominator. (§ 128). 

2. The fraction thus formed mav often be reduced to lower 
terms. 

EXAMPLE. 

To reduce .126 to a vulgar fraction. 

.125=1^^=^ 

£XERCIS£S. 

Reduce each of the following decimals of a dollar to a 
vulgar fraction of a dollar. 

7. $.9375. Atis, $ j{. 

8;' $.5625. Ans, $ ^^. 

9. $.1875. Ans. $ i\. 

10. $.0625. Ans. $ 3^. 

11. $.0025. <Ans. kzhji- 

12. $.0075^ Ans. $7}^. 



1. $.5. An;s, 

|. $.25. Ans. 

3. $.75. Ans. 

4. $.375. Ans. 
6. $.625. Av>s. $f . 
6. $.875. Ans. ${. 



13. Express the value of $13.75 by an integer and a vulgar 
fraction. Ans. $ 13| 

14. Express the value of $20,125 by an integer and a vulgar 
fraction. Ans. $ 20^ 

\6. Express the value of $35,625 by an integer and a vulgar 
fraction. Ans. $ 36f 

16. Express the value of $49.0625 by an integer and a vulgar 
fraction. Ans. $49-jJ^ 

17. Express the value of $57.9375 by at ^teger and a vulgar 
&netiom Ans. $67 j| 
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VULGJIB FRACTIONS REDUCED TO DECIMALS. 

RULE XXVIII. 

§ 143* To reduce a vulgar fraction to a decimal, 

1. Divide the denominator into the numerator, with as many 
Os annexed to the latter as may be necessary to find an exact 
quotient^ or the number of decimal figures required. 

2. Point oflf in the right of the quotient as many decimal 
figures as there were Os annexed to the numerator ; observ- 
ing to prefix Os to the quotient, when necessary to make up 
ihe number. 

EXAMPLE*. 

To reduce jjy to a decimal fraction. 

126)3000(2 4. Thon Tiy=.024. 

Annexing three Os to the numerator, and dividing 3000 by 
the denominator, we find the quotient 24. 

Prefixing a to the quotient, to make up three decimal figures, 
for the three Os annexed to the numerator, we find j|;=;=.024. 

• 

Q^j* The fi^ction is equal to its numerator 3 divided by its denomi- 
nator 126 (§ 92.) 

Each annexed to the numerator, muUipllea the fraction by 10 
(§ 1 19 — 2) ; but each decimal figure madeJn the quotient, divides the 
quotient by 10, since each quotient figure thus becomes ^ of its former 
value. 

llius multiplying and dividing by the same number, we preserve a 
contiamt value to the firaction. (§ 93)viID 

EXERCISES. 

Reduce each of the following fractions of a dollar to a 
decimal of a dollar. 



1. 
2. 8i- 
3.8}. 

4. 8t- 

5. 9|. 



• Ans. $.6* 

. Ans, $.26. 

. Ans. $.76. 

. Ans, $.376. 

. Ans. $.626. 



6. $}. . 

*^» $A«« 
8. $flf 

"• $re** 



10. $^jj.. . 

11. Reduce $17^ to a decimal expression. 

12. Reduce $131^ to a decimal expression. 

13. Reduce $26|^ to a decimal expression. 

14. Reduce $31{2 to a decimal expression. 
16. Reduce $40 jf to a decimal expression. 



Ans. $.876. 
Atis, $.0626. 
Ans. $.1876. 
Ans. $.3126 
Ans. $.6626. 

Ans. $17,126. 
Ans. $13.4376 
Ans. $26.6875 
Ans. $31.8126. 
Aw. $40.9376. 
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A Complex Heduced to a Simple Decimal, 

§ 144. In a complex decimal, inistead of the vulgar fraction 
annexed, we may put its equivalent decimal, without the point 
prefixed to it. 

Thus in .6^, the ^^=.04 ; then .63^=.604. 

16. Reduce .25^ to a simple decimal. > . . Ans. .255. 



Am. .3125. 
Ans. .1875. 
A?w. .23125. 
Ans. .900625. 



17. Reduce .31 J to a simple decimal. . 

18. Reduce .18 J to a simple decimal. . 

19. Reduce .23^ to a simple decimal. . 

20. Reduce .90^^^ to a simple decimal. . 

Approximate Deamals* 

^ 145. A decimal which expresses a near, but not the exacts 
value of a vulgar fraction, or other quantity, is an approximate 
decimal. 

In reducing J, for example, to a decimal,— if we annex one 
to the 1 and divide by the 3, we find J=.3j^ ; 

by annexing two Os to the 1, we find |=.33J ; 

by annexing three Os to the 1, we find J=.333j^; and so on. 

In the first of these mixed decimals, the |- annexed is J of 1 
tenth, equal to ^ ; in the second, it is J of 1 hundredth, equal 
^^ ^iis i ^^d i^ ^6 third, it is j- of 1 thoicsa?idth, eqvLBl to ^gVir* 

By omitting these small values, -^t y^^y, j^iy, we have .3 
for a near or approximate value of j-, .33 for a nearer value, and 
.333 for a still nearer value of J. 

The sign -f- is commonly afiixed to an approximate decimal; 
thus ^=.33+, 33 hundredths, nearly. 

Instead of the sign -{-, we shall employ a comma ', after the 
manner of an apostrophe, to denote an approodmate decimal. 

Thus J=.33% 33 hundredths, nearly. 

The number of figures to which an approximate decimal need 
be ca;rried, in any particular case, will depend on the value 
of the whole quantity of which the decimal expresses a part. 

In a decimal of a dollar, for example, two figures will give 
the number of cents, which is near enough for ordinary purposes. 
When greater accuracy is required, uie third figure may be 
found, which will give the number of mills. 

21. Reduce S^ to an upproximate decimal. . . Ans. .333\ 

22. Reduce $f to an approximate decimal. . . Ans. .285'. 
SS. Reduce $i to an approximate decimal. . . Ans. .444'. 
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ADDITION, SUBTRACmON, MULTIPLICATION AND DIVISION OF 
DECIMALS, AND FEDERAL MONEY. 

§ 146* The objects of Addition, Subtraction, Multiplication 
and Division, are the same for every kind of quantity ; and, 
having been defined for integers and vulgar fractions, the defi- 
nitions need not be repeated. 

§ 147. Addition, Subtraction, &c., of Federal Money, are 
brought under the Rules to be given for the same operations, 
respectively, on decimal fractions, by regarding dollars as t/i- 
tegers, and making cents and mills decimals of a dollar. 

§ 14S. The principles of notation being the same for deci- 
mals and integers, (§ 133 and 137) the methods of adding, sub- 
tracting, &«., will be the same for decimals and integers 



ADDITION OF DECIMALS. 

RULE XXIX. 

$ 149* For ike addition of decimals. 

Set tenths under tenths, hundredths under huiidredthSi &c., and 
add as in integers ; observing to make in the right of the sum 
as many decimal figures as will be equal to the greatest num- 
ber of decimal figures in any one of the given numbers. 

EXAMPLE. 

To find the sum of .25+84.346-lr.73+276.937. 

.2 5 
8 4.3 4 6 
.7 3 
2 7 5.937 



3 6 1.263 
The sum is 361 and 263 thousandths. 



Having set tenths under tenths, hundredths under hundredths, 
&c., — this order also causing units to fall under units, tens under 
lens, &c., when mixed numbers are to be added — we add up the 
several columns of figures as in integers ; and make three de- 
cimal figures .263 in the sum, this being the greatest number 
of decimal figures in any one of the given numbers. 
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EXERCISES 

1. Find the Sum, 215.6+23.66+32.32. Am. 271.38. 

2. Find the Sum, .273+913.4+37.62. Atis. 951.293. 

3. Find the Sum, ,035+346.1+873.4. Am 1219.535. 

4. Find the Sum, .874+2.763+7.390. Am 11.627. 
6. Find the Sum, 387+634.6+83.81. Am 1005.41. 

6. Find the Sum, 2.25+.7373+.7849. Am 3.7722. 

7. Find the Sum, 48.36+ 8370+-0051. Am. 8418.3651 

8. Find the Sum, 8.773+974.6+2703. Am. 3686.373. 

9. Find the Sum, 74.03+3737+4301. Am. 8112.03. 
10. Find the Sum, .9346+203.7+.7376. Am. 205.3722 

11. Find the sum of 100 dollars 72^ cents, 25 dollars 6i 
cents, 34 dollars 5 cents, and 119 dollars 48} cents. 

$1 00.7 2 i 

2 5.0 6 1 

3 4.0 5 
119.481 

$ 2 7 9.3 2 i 279 ddlars 32^ cents. 

Having made each number of cents a decimid of a dollar 
(§ 140) and placed tenths under tenths, &.C., we first add up tho 
fractions of a cent, namely, f , ^ and ^, and find the sum to bo 
f=l^. We set down the J; and carry the 1 to 8. 

In the sum we point off two decimal figures for cents, or Awti- 
dredths of a $; (§132.) 

12. What sum should be paid for a hat, at 6 dollars 87J 
cents; a vest, at 3 dollars 18| cents; and a pair of shoes, at 
2 dollars 62^ cents? .An^. $11.68$. 

13. What should be paid for a quarter of beef, at $7 ; a bar- 
rel of flour, at 4 dollars 56 J cents; a lot of groceries, at 13 
dollars 37^ cents ; and a lot of butter, at 2 dollars 6i cents 1 

Am. $27.00. 

14. Find the sum that must be paid for a quire of paper, at 
25 cents ; a bottle of ink, at 12^ cents ^ a dozen books, at 1 
dollar 18} cents ; and a bunch of quills, at 37 J cents. 

Am. $1.93j. 

15. Find the sum that should be paid for a set of chairs, at 
$18 ; a pair of tables, at 35 dollars 50 cents; a looking-glass, 
at 5 dollars 18| cents ; and a bedstead, at 9 dollars 31 J cents. 

Am. $68.00. 

16. Bought a cord of wood; for 2 dollars 50 cents ; a ton of 
hay, for 12 dollars 68 J cents ; a barrel of apples, for 2 dollars 
56J cents ; and quarter of beef, for 5 dollars 75 cents ; required 
the sum paid. Am. $23.50. 
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17. Sold a barrel of sugar, for $15 } a sack of coffee, for 13 
dollars 5 cents ; a keg of rice, for 5 dollars 43^ cents ; and a 
box of candles, for 9 dollars 8 cents ; required the sum received. 

Ans. $42.56^. 

18. A merchant's bill was as follows : for 3^ yards of cloth, 
$21 : for 3 pair of stockings^ 1 dollar 87^ cents; for a dozen 
skeins of silk, 75 cents ; required the amount of the bill. 

Ans. $23.62^. 

19. A farmer sold produce as follows, namely : wheat, for 
1(300 ; corn, for 97 dollars 93^ cents ; hay, for 56 dollars 12^ 
cents ; and oats, for 18 dollars 6^ cents ; required his amount 
of sales. ^715. $472.12. 

20. Bought a quantity of flour, for 75 dollars ; a quantity of 
bacon for 57 dollars 18| cents ; and a quantity of corn, for 42 
dollars 6^ cents ; for what sum mus*t the whole be sold to make 
a profit of 25 doUars ? Ans. $199.Sl5. 
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RULE XXX. 

$ 150. For the svhiraction of decimals. 

1. Set the less value under the greater j with tenths under 
tenths, hundredths under hundredths, &,c., and subtract as in 
integers ; obse<%ing to make in the right of the remainder as 
many decimal figures as will be equal to the greatest number of 
decimaljigures in either of the given numbers. 

2. When the minuend has no decimcd figures, or not so many 
as tlie subtrahend, conceive the deficient places to be occupied 
by decimal Os. 

EXAMPLES. 

1. To find the difference between 23.0623 and 380.76. 

3 8 0.7 5 
2 3.0 6 2 3 

367.6877 

Having set the less quantity under the greater, with tenths. 
under tenihsy &c., we suppose the two vacant places over 23 to 
be occupied by 00, (§ 136 ;) and subtract as in integers ; thus, 3 
from 10 leaves 7, &c. Four decimal figures are made in tlie 
right of the remainder. 
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2. To find the diflference between 625 and 9.87534. 

626 

9.8 75 3 4 



615.12466 



The places for decimals over .87534 must be regarded aa 
occupied by Os ; thus, 4 from 10 leaves 6, &c. 

EXERCISES. 

1. Find the Difference between 35.804 and 360.76. 

Am, 324.946. 

2. Find the Difference between 734.06 and 2.7431. 

Arts, 731-3169. 

3. Find the Difference between 67.863 and 40.736. 

Ans, 17.127. 

4. Find the Difference between 12.683 and 940.06. 

Ans, 927.367. 

5. Find the Difference between 734.11 and .38703. 

Ans, 733.72297. 

6. Find the Difference between 78396 and 476.24 . 

Am. 77919.76. 

7. Find the Difference between 57.609 and 4.7306. 

Am, 62.8785. 

8. Find the Difference between 93430 tfnd 800.34. 

Am. 92629.66. 

9. Find the Difference between 72137 and 131.004. 

Am. 72005.996. 
10: Find the Difference between 900O0 and 990.192. 

Am. 89099.808. 

11. Find the Difference between $326 and 93 dollars 6^ cents. 

$ 3 2 5.0 0(1) 
• 9 3.0 6 ^ 

$ 2 3 1.9 3 f 231 doUars 93 % cmU. 

Expressing the 6^ cents in a decimal of a dollar,— supplying 
the vacant decimal places in the upper number with 00, — and 
annexing, mentally, J, equal to a unity — ^we say J from J leaves 
I ; then 1 to 6 makes 7, and 7 from 10 leaves 3, &.c. (§ 34). 

Two decimal figures are made in the remainder, for cents or 
hundredths of & $. 

12. If a person having 95 dollars 6^ cents^ pay 43 dollars 18 J 
cents for fuel, what sum will he have remaining ? 

Am. $51.87]^. 
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'IS. If a lot of goods were purchased for $679, and sold for 
650 dollars 87^ cents, what sum would be gained 1 

Ans, $71.87^. 

14. What would be made on a quantity of lumber, bought 
for 225 dollars 18 J cents, and sold for 300 dollars 50 cents 1 

Ans. $75.31^;. 

15. Required the loss on a lot of flour, purchased for 372 dol- 
lars 12^ cents, and sold for 321 dollars 56 j; cents. 

° Ans, $50.56^. 

16. A merchant bought a piece of cloth for 120 dollars, and 
a piece of silli for 85 dollars 68^ cents. He sold the whole of 
both pieces for 316 dollars 56^ cents ; what profit did he make ^ 

Ans. $110.87^. 

17. A grazier bought cattle for $160, and sheep for 56 dol- 
lars 50 cents. He sold the cattle for 225 dollars 37^ cents, and 
the sheep for 83 dollars 93 J cents ; what did he make by these 
transactions'? Ans. $92.81^. 

18. A manufacturer purchased a quantity of raw cotton foi 
$400, which he made into cloth at an expense of 132 dollars 
6^ cents. What profit will h6 make by selling the cloth for 
$7001 Ans. $167.93J. 

19. A speculator purchased wheat for $344, and bacon for 
88 dollars 18| cents.' He sold his wheat for 300 dollars 75 
cents, and his bacon for 100 dollars 12 J cents ; what was his 
gain or loss by the speculation 1 Ans. Loss, $31.31^. 

20. Having on hand 125.5 tons of coal ; if I sell 13.75 tons 
to A, 34 tons to B, 42.125 tons to C, and 5 tons to D, how 
many tons will I have left 1 Ans. 30.625 tons. 

21. Having purchased 575.75 yai?ds of cotton ; if I sell to A 
and B each 125 yards, and to C and D each 93.125 yarda — * 
how many yards will I have remaining] Ans. 139.5 yards. 

22. Bought of two persons each 1575.5 pounds of pork; of 
which I sold to three persons each 234.125 pounds. How 
many pounds of the pork purchased are still on hand ] 

Ans. 2448.625 pounds. 

23. A farmer bought, at one time, 375 acres of land; at 
another time, 233.3 acres; and at pother, 136.75 acres. He 
wishes to make his purchases amount to lOOU acres ; how much • 
land does he still want 1 Ans. 254.95 acres. 

24. Bought of A 300 bushels of salt, for $137.50, and of B 
275.5 bushels for $125.87i;--of which, I sold to C 325 bush- 
els, for $200, and the remainder to D for $150.61^. What 
quantity was sold to D, and what was my entire profit or loss ' 

Ans •250.5 bushel* to D; entire profit $87.23j. 
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25. From $3780.98| subtract $2100.12^. 

Instead of J and ^ we may take their equivalent decimals* 

We shall find .93j=.9376, and .12i=.125 ; (§ 144,) and 
$3780.9375— $2100.125=$1680.8125. 

In like manner perform the following exercises : 

B6. From $300.18J4-$25.50 subtract $16. 12^. 

• - Ans. $309.5625. 

27. From $578.03i-|-$37.25 subtract $20.06^?. 

Ans, $595.2225. 

28. From $400.50 +$9,125 subtract $100.10. 

Am. $309,525. 

29. From $175.564+$1.87i subtract $ 75.33. 

Ans, $102.1076. 

30. From $1000.4 +$2.03 subtract $ .06J. 

Ans, $1002.3676. 

31. Going out to collect money, I received of one person 37 
dollars 25 cents, and of another 93 dollars 56^ cents. Out of 
these sums having paid a debt of 99 dollars 18^ cents, what 
sum have I remaining? Ans, $31.62^. 

32. Having deposited in bank $1000, and having drawn out 
at different times 74 dollars 50 cents, 390 dollars 87J cents, 
and 213 dollars 68 J cents, what sum have I still in bank ? 

Ans, $320,935. 

33. Bought a house and lot in a city for $3000, and paid for 
improvements on the same 316 dollars 93 J cents. If the 
property be sold for $4500, what amount of profit will be 
realized? - Ans.. $1183.06^. 

34. A gentleman who had a journey of HS^: miles to make, 
traveled for three days at the rate of 39.5 miles per day. What 
distance then remained to he traveled 1 Ans. 26.75 miles. 

35. A farmer has in one plantation 400 acres, in another 
119.25 acres, and in another 230|^ acres. If he sell 60 J acres 
from each, how many acres will ho have left in the three 
plantations together 1 Atw, 697.875 acres. 

36. A speculator purchased cattle for" $100, mules for 79 
dollars 62^ cents, and sheop for 67 dolla/ei 31^ cents. He sold 
the whole for 400 dollars 6^ cents ; whh,l did he gain by the 
speculation? Ans. $163.1 2^. 

37. A merchant bought cloth for $300, iinen for 71 dollars 
26 cents, and silk for 112 dollars 6^ cents. He sold the cloth 
at a profit of 49 dollars 18$ cents, the li;i\.u at a profit of 18 
dollars 87^ cents, and the silk at ajoss of 6u dollars ; what did 
he ^ain or lose on the whole ? • Ans. Gained $18.06^. 
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MULTIPLICATION OF DECIMALS. 

RULE XXXL 

§ 151* For the multiplication of decimals, 

1. Maltiplj as in integers, and in the right of the prodact 
make ad many decimal figures as there are decimal figures in 
both the factors; prefixing Os to the product when necessary to 
make up the number. 

2. Integral Os in the right of the mtdtiplier may be omitted, 
provided the same number of decimal figures -be made integral 
in the multiplicand, — Os being annexed to the multiplicand, 
when necessary to make up the number. When the multiplier 
is 10, 100, &c., the product is thus immediately obtained. 

EXAMPLES. 

1. To multiply .19 by .6 ; that is, to find .6 of .19. (§ 116.) 

.19 
.5 



.0 95 95 thousandf^^. 

Multiplying as in integers, we find the product 95 ; to which 
we prefix the and the decimal point, to make^^three decimal 
figures for the three in the multiplicand and multiplier. 

2. To multiply 236 by 3.4. 

226X3.4=802.4. 

In tlie product 802.4 we have one decimal figure for the one 
in the multiplier, there being no decimal in the multiplicand. 

3. To multiply 48.5 by 300. 

48.5 X 300=14560.0. '^f 

Or, rejecting the ttoo integral Os in the right of the multiplier, 
and making hvo more integral figures in the multiplicand, 

we have**4860X3^14550 ; *as before. 

In like manner, 3.45 XI 00=345 

3.45 X 1000=3450 ; and so on ; 

in which cases the products are immediately obtained by making 
as many additional integral figures in the multiplicand, as there 
are integral Os in the right of the multiplier ; — ^auaexing Os to 
the multiplicand, when necessary to malte up th» number. 
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Q;;j*In the first example, if we multiply the two quantities together 
iHioer the form of vulgar fractions, we shall have 

To ezpre^ the product jjf^ hy a decimalj requires as many decimal 
figures as there are Os in the denominator 1000 ; (§ 128 ;) or in the 
two denominators 100 and 10 ; that is, as many decimal figures as there 
are figures in the two numerators 19 and 6. 

In general terms, the product of two decimal firactions must contain 
just as mauy decimal figures as hoth the &ctors, because, in using^the de- 
cimals under the form of vulgar fractionSi the product will have just as 
many Os in its denominator as are in the denominators of both factors , 
and the number of figures in the decimal numerator must equal the num- 
ber of Os in the denominator.,/^ 

EXERCISES. 

1. Multiply .25 by .9, and 1.5 by .03. Ans* .225 and .045 

2. Multiply 38.3 by 8, and 4.75 by .5. Ans, 306.4 and 2.375. 

3. Multiply 930 by .1, and 875 by .01. Ans, 93 and 8.75 

4. Multiply 300 by .04, and .379 by 1.5. Ans, 12 and .6685. 

5. Multiply 6.76 by 9, and .031 by 80. Ans, 51.84 and 2.48. 

6. Multiply .003 by 30, ahd 874 by .03. Ans. .090 and 26.22. 

7. Multiply .876 by 4.5, and 37.4 by .39. 

Ans, 3.942 and 14.586. . 

8. Multiply 280 by .02, and 730 by 1.2. Ans. 5.6 and 876. 

9. Multiply 6.74 by .01, and 89 by .001. Ans, .0674 and .089. 

10. Multiply 5^.7 by 1.4, and 60 by .006. Ans. 76.18 and .360. 

11. Multiply 100 by .01, and 0.1 by .101. Ans, 1 and .0101. 

12. Multinlv .003 by .06, and .007 by .09. 

Ans, .00015 and .00063. 

13. What will 7 cords of wood amount to, at 3 dollars 18| 
cents per cord 1 

The toood vnU cost 7 times 3 dollars 18} cents, - 

Eocpf/fsinff ^ 18| cents hy a decimal of a dollar, (§ 140,) t(?e 
have $Z,lSi to he multiplied 01/ 7. 

$3.18| 

7 



$22.3 1 i 22 dollars 31^ ce?its. 

Multiplying the | by 7, we say 7 tiines J is V , equal to 5^ ; 
setting down the ^ and carrying the 6, 7 times 8 is 56, and 5 
are 61, &c.. 

In the product we make tw^o deeimal figures for the two in 
the multiplieand. (§ 132). 
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14. What should be paid for 9 hundred weight of tbbacco, 
at 10 dollars 37J cents per hundred' weight 1 Ans. $93. 37^. 

15. What should be paid for 37 head of cattle, at 13 dollars 
18| cents a head ; and 7 mules, at 40 dollars 50 cents a head ? 

Am, $771.43j. 

16. What should be paid for 8 yards of cloth, at 9 dollars 
56^ cents a yard ; and 12 yards of linen, at 87^ cents a yard ? 

^ Ans. $87. 

17. What' should be paid for 25 bushels of wheat, at 1 dol 
lar 6^ cents a bushel ; and 30 bushels of corn, at 43| cents a 
bushell Atw. $39.68J. 

18. A merchant bought 50 yards of cloth,*at $4 a yard ;. and 
sold the same at 6 dollars 87| cents a yard. How much did 
he gain 1 Am. $143.75. 

19. Bought Too sheep at 1 dollar 31i cents a head, and 
sold the same at 2 dollars 93| cents a head : what was the gain 
per head, and what on the whole 1 

Am, Gained per head, $1.62^; on the whole $162.50. 

20. Riequired the sum that must be paid for 3 hundred weight 
of bacon, at $6 per hundred weight ; 4 barrels of flour, at 5 
dollars 62^ cents per barrel ; and 2 barrels of fish, at 7 dol- 
lars 16J cents per barrel 1 Am, $54.83j. 

21. Required the sum that must be paid for 3 bushels of 
potatoes, at 87^ cents a bushel ; 17 pQunds of butter, at 12 J 
cents t pound ; and 5 dozen eggs, at 8J cents a dozen. ^ 

Atw. $5.16f. 

22. Required the sum that should be paid for 50 pounds of 
sugar, at 9 J cents a pound ; 20 pounds of coffee, at 15^ cents 
a pound ; 15 pounds of rice, at 6 J cents a poun^ ; and 3 gal- 
lons of molasses, at 30 cents a gallon. Ans. $9.63|. 

23. A merchant bought 30 yards of sWk at 93^ cents per 
yard, and 40 yards of another kind at 1 dollar 6^ cents per 
yard. He sold the first kind at 1 dollar 60 cents per yard, and 
the other at 1 dollar 87^ cents per yard ; what profit did he 
inake on the whole 1 Am. $49.37-^. 

24. Required the sum that should be paid for 9 barrels of flour 
at $5.18j per barrel, 11 cords of wood at $2.87^ per cord, 3 
tons of hay at $9J per ton, and 98 pounds of beef at $.05^ per 
pound. Atw. $112.95 J. 

25. A farmer bought 130^ acres of land at $27.25 per acre, 
and 237 acres at $16.93j per acre. He sold the first tract at 
$25.50 per acre, and the second at $2 If per acre ; what did he 
gain or lose on the two tracts together 1 

An5. Gained $824.18}. 

8 
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26. Multiply $160.18j by 7 i ; that is, 

find 7 times $160.18j,+i of $150.18j. 

$150.1 8 f 
7* 



106131 
7509 



$1126.40f 1126 dollars AOi cents. 

We first multiply by the 7, as in the preceding exercises. 

To multiply by tfie ^ we say, ^ of 15 is 7 with one over; J of 
10 is 5 ; ^ of 18 is 9, supplying the vacant place before 9 with 
0; iof f is f. 

"We \hfin add together the two products, and make two deci- 
mal figures, for the two in the multiplicand. 

But it will often be preferable to reduce the vulgar fractions 
in the multiplicand and multiplier to their equivalent decimals, 

Inthisexampleweshallhave$150.1875XT,5=$1126.40625; 
which is 1126 dollars, 40 cents, 6 mills and 5 tenths of a mill. 

27. A farmer^sold 15 J acres of land, at 27 dollars 37 j^ cents 
per acre ; required the sum he should receive in payment. 

Ans. $431.1:56'. 

28. What should be paid for 3 J barrels of flour at 6 dollars 
68 J cents a barrel, and 1 If bushels of meal at 43j cents a 
bushel 1 Ans. $28,084'. 

29. Bought|L piece of cloth containing 39 J yards, for $238.50; 
of which 20J yards have been sold at $7.12^ per yard. What 
will be the gain or Iq^s on the whole, if the remainder be soh' 
at $8.06J per yard ] Ans. Gain $63. 

30. Bought 45^ hundred weight of hemp, at $6.25 per hun- 
dred weight ; which has been made into rope and bagging, at 
an expense of $130.I8j. For what sum must the manufac- 
tured articles be sold to clear $50) Atis. $464.5625. 

31. A trader bought 120 mules at an average price of $39.50; 
of which he has sold 20 head at $54.62^, and 33 head at $59 
a head. What will be his entire profit or loss if the rest be 
sold at $30.50 a head 1 Ans. Profit $343. 

32. A barters to B 36 J yards of broadcloth at $7.5 a yard, 
for 135 yards of sillf at $.93j a yard,— the difference in value 
between the two commodities to be paid in money. Which of 
them must receive money, and how much 1 

Ans. B must pay $139.6876. 
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DIVISION OF DECIMALS. 

RULE XXXII. 

$ 152. For the division of decimals. 

1. Divide as in integers, and in the right of the quotient 
make as many decimal figures as there are decimal ^gures in 
the dividend more than m the divisor; prefixing Os to the quo- 
tient, when neAssary to make up the number. 

2. When the divisor ?ms more decimal figures than the divi- 
dend, or is greater than the dividend (regarding both as integers^ 
nnnex decimal Os to the dividend, to supply the deficiency. 

3. Ciphers may always be annexed to the remainder, and tlie 
division continuea to any required exactness, — observing that 
the Os so annexed must be counted as decimal figures belonging 
to the dividend. 

4. Integral Os in the right of the divisor may be omitted, pro- 
vided the same number of integral figures be made decimals in 
the dividend, — Os being prefixed to the dividend, when neces- 
sary to make up the number. When the divisor is 10, or 100, 
&.C., the quotient is thus immediately obtained, 

EXAMPLES. 

1. To divide .965 by .6, that is, to find how often .6 is 
contained in .965. 

.5).965 



1.9 3 .966-r-.6=1.93. 

Dividing as in integers, we find the quotient 193 ; in which 
we make tivo decimal figures, since the dividend has two more 
decimal figures than the divisor. 

8. To divide .375 by 125 ; that is, to find what part .375 is 
of 125 

126).376(.003 

Having found the quotient 3, we prefix to it two Os and the 
decimal point, to make three decimal figures ; since the divi- 
dend has three decimal figures, while the divisor ha* none. 



I 
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8. To divide 7 by 1.2. 

1.2)7.0 



6.8 3' Or6.83j. 

The dividend having no decimal figure in it, while the diyisor 
has one, we annex a decimal to the dividend. 

Having found the quotient figure 6, we annex a to the re- 
mainder 10, and say 12 in 100, 8 times and 4 over ; annexing 
another to the 4, we say 12 in 40, 3 times, and 4 over. 

Thus tlje division might be continued. Or, we may Corm a 
fraction j^=i of the remainder and divisor, and annex it to 
the quotient. • 

The three Os annexed make three decimal figures belong- 
ing to the dividend ; hence we make two decimal figures in 
the quotient. 

4. To divide 8.4 by 300. 

3 0) 8.4 (.0 2 8.. 

The dividend 8.4 being less than the divisor, we annex a de- 
cimal to the dividend, and divide 300 into 8.40. 

Or, rejecting the two integral Os in the right of the divisor, 
and making two integral figures decimals in the dividend, — prfi- 
fixing a to make up the number, — 

.084rr-3=.028, 

we divide .084 by 3, and find the same quotient as before 

In like manner, 345-^100 = 3.45 ; ^ 

345-^1000 = .345 ; 
345-4-10000=. 0345; and so on : 

in which cases the quotient is immediately obtained, by making 
as many integral figufes decimals in the dividend, as there are 
integral Os in the right of the divisor, — prefixing Os to the divi- 
dend, when necessary to make up the number. 

(Xj^^Tho dividend must contain just as many decimal figures as both 
the divisor and quotient, because the dividend is equal to the product bf 
the divisor and quotient 

Thus in the first example, .965=..5X ••93. 

Hence also, the number of decimal places in the dividend cannot be 
taken less than the number in the divisor; for then the product would 
have a less number of decimal places than one of its factors, — which is 
impossible. 

We prefix the Os to the quotient, as in the second example, because in 
no other poation of the Os would the divisor, multiplied by the quotient 
produce the dividend, .rt) 
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EXERCISES . 

1. Divide 22.36 by 4.3 and 3.26 by 1.3. Ans, 5.2 and 2.6. 

2. Divide 12..26 by 3.6 and 87.9 by .3. . Ans, 3.6 and 293. 

3. Divide .0426 by .05 and 5 by .0625. Am. .85 and 80. 

4. Divide 16.776 by 7.2and .816 by .04. Ansf 2.33 and 20.4. 
6. Divide 1.6 by .376 and 76 by 12. Ans, 4 and 6.26. 

6. Divide 4.9 by 70 and 7.02 by 3. Ans, .07 and 2.34. 

7. Divide 6.86 by .65 and 6.92 by .08. Ans, 9 and 74* 

8. Divide 16.67 by .46 and .001638 by .07. 

Ans. 34.6 and .0234. 

9. Divide 8 by 3.2 and 234.375 by 25. Ans, 2.6 and 9.376. 

10. Divide .0276 by 23 and .08 by 32. Ans, .0012 and .0026, 

In the next exercises, let the qiwtient be continued to thousandths, 
and. he expressed by an approocimate decimal, 

11. Divide 13.29 by 2.8 and .278 by .07. 

Ans. 4.746' and 3.971*. 

12. Divide 2.37 by 93 and .0011 by .09. Ans,- .026' and .012'. 

13. Divide .737 by 8.9 and .09 by 8.3. Ans. .082' and .010'. 

14. Divide 8.641 by 13 and .643 by 1.06. Ans. .664' and .612'. 
16. Divide .023 by .03 and .013 by .074. Ans. .766' and .176'. 

Another Method of Redti^dng a Vulgar Fraction to a Decimal. 

$ 153* The quotient of a less integer divided by a greater 
may be represented hy b. proper vulgar fraction ; thus 3-7-4 is |. 

If the less integer be then divided by the greater, decimally^ 
the vulgar fraction will be reduced to a decimal. 

3-i-4=3.00-i-4=.76 ; or J==:.76. 

The application of Rule XXXIl to this case, is substantially 
the same with that of Rule XXVIII. 

16. Divide 4 by 15, or reduce t*^ to a decimal. Ans, .266'. 

17. Divide 9 by 34, or reduce ^ to a decimal. Atw. .264*. 

18. Divide 13 by 120, or reduce j^ff ^^ ^ decimal. An^, .108'. 

19. Divide 17 by 200, or reduce -^i^^^ to a decimal. Ans, .085. 

20. Divide "26 by 339, or reduce ^^^ to a decimal. Ans, .073*. 

21. Divide 7 by 13, or reduce -^^ to a decimal. Arts. .638'. 

22. Divide 10 by 19, or reduce \% to a decimal. Ans, .626'. 

23. Divide 21 by 121, or reduce yVr ^^ ^ decimal. Ans, .173'. 

24. Divide 73 by 300, or reduce ^Vff ^^ ^ decimal. Am. .243'. 
26. Divide 99 by 600, or reduce -f^^ to a decimal. Ans, .198. 
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26. How many gallons of wine, at 1 dollar 37^ cents per 
gallon, may be bought for 25 dollars and 50 cents ? 

Expressing the cents in decimals of a $, the number of gaU&nB 
is the number, of times $1 .37^ cents is contained in $25.5 ; that iSf 

$26.5^$1 .37i,=$25.5-j-$«|i. 

But in the Division of Federal Money, instead oi fractions 
cf a cent, it will generally facilitate the operation to take their 
equivalent decimals. We have then 

$25.5h-$1.375. Ans. 18.545' gallonw. 

27. What quantity of coal, at 18 dollars and 75 cents per 
ton, may be purchased for 13 dollars ? 

$13 win Iniy the same part of ajton that $13 is of $18.76. 

Ans. .693' of a ton. 

28. How many hundred weight of flour, at 2 dollars 18| 
cents per hundred, may be purchased for 25 dollars ? 

Ans. 11.428' hundred weight. 

29. What quantity of land, at the rate of 25 dollars per acre, 
may be bought for 9 dollars 62^ cents 1 

Ans. .3849 of an acre. 

30. How many bushels of clover seed, at 5 dollars 18 J cents 
per bushel, may be bought for 30 dollars ? 

Ans. 5.783' buphels. 

31. How many yards of cloth, at 4 dollars and 50 cents a 
yard, may be purchased for 19 dollars 75 cents 1 

Ans. 4.388' yards. 

32. How many barrels of corn, at 3 dollars and 85 cents per 
barrel, may be bought for 100 dollars ] Ans. 25.974' barrels. 

33. What quantity of bacon, at 8 dollars 31 J cents per hun- 
dred weight, may be purchased for 5 dollars 6^ cents 1 

Ans. .609' of a hundred weight. 

34. What quantity of iron, at 45 dollars 50 cents per ton, 
may be bought for the sum of $7.064r-h$13.5 1 

Ans. .451' of a ton. 

35. How many barrels of apples, at 2 dollars 12^ cents per 
barrel, may be bought for $75.83j---$20.56J] 

Ans. 26.011' barrels. 

36. What should be paid for a ton of hay, when .7 of a ton 
sells for 13 dollars 12^ cents ? 

If 7 tentlis of a ton cost $13.12^, 1 tenth would he loorth ^ of 
$13,124; and a whole ton, or 10 tenths, would be worth \f of 
$13.12| ; that is, such a part of this sum as is expressed by Ae 
reciprocal of .T ; or $13.12j-f..7. 
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We may also reason thus. The price of a ton vnU he suck 
^utt .7 of the price, or the price X ^^j toiU be $13.12^. 

Hence $13. 12 J is a dividend, or product giveji, and .7 a divi- 
sor, or one factor given to find the quotient, which will be the 
other factor. Ans, $18,750. 

37. If 3i cords of wood sell for 12 dollars 75 cents, what is 
the price per cord 1 Ans. $3,642'. 

38. If 5^ yards of broadcloth cost 21 dollars 26 cents, what 
should be paid for 1 yard of the same cloth ? Ans.' $4,047*. 

39. If I of a lot of ground be worth 73 dollars 87 J cents, 
what is the whole of the lot worth at that rate 1 

A715. $118.20. 

40. If 4J cords of wood come to $9, what is the price per 
cord 1 What would 7J cords amount to 1 

Ans. $2 ; and $1^.50. 

41. What is the price of wheat per bushel wh^ 25|- bushels 
sell for 37 dollars 68| cents, and what should be paid for 40 
bushels at the same rate 1 Ans, $1.50 ; and $60. 

42. What is the price of butter per pound when 13^ pounds 
sell for 1 dollar 62 cents,* and what ought to be paid for 145 
pounds of butter at the same price ? 

^ Ans, $.12 ; and $17.40. 

43. Bought 50 bushels of salt for $31.25, and sold it at a 
profit of 25 cents per bushel. At what price per bushel was 
it sold 1 Ans. $.875. 

44. Bought 32^ barrels of corn for $81.25, and sold it at a profit 
of 61^ cents per barrel : at what price per barrel was it sold, 
and what was the whole profit made 1 

Ans'. $3.1125 ; and $19,906'. 

45. A bought of B 1000 bushels of wheat, at $.87^ a bushel; 
of which he has sold to C 45 3^ bushels, at $.9 a bushel. At 
what price per bushel must the remainder be sold to produce a 
profit of $25 on the 1000 bushels 1 Ans. $.90. 

46. A person having $300 on hand would disburse it for equal 
quantities of sugar and cofiee. What quantity of each can 
he purchase, if the sugar be 9 cents and the coffee 15 cents 
per pound 1 

9 cents +15 cents =24 cents; then 24 cents wiJl buy 1 
pound of each« Ans. 1250 pounds of each. 

47. A miller wishes to purchase wheat, rye, and com, m 
equal quantities. The prices of these commodities being 
respectively. $1, $.6, and $.37 J per bushel, how many bushels 
of each can he purchase for $500 ? 

Ant. 266.666' bushels of each. 
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EXERCISES ON CHAPTER VI. 

1. What is the value of the expression 

(3 hundredths + 23 thousandths) X 9 thousandths ? 

Ans, .000477. 

2. What is the value of the expression 

(8 tenths — 76 ten-thousandths)yi2l hundredths ? 

Ans, .166425. 

3. WhaJ is the value of the expression 

(34 thousandths-^-*! hundredths)'r-3 hundredths 7 

Ans. 3.466'. 

4 . What is the value of the expression 

(723 thousandths — 9 thousandths)-^^ thousand ? 

Ans, .000089'. 
6. What is the value of the expression 

(34 ten'thousandt?is-\'8 hundredths)-^20 thousand 7 

Ans, .000004'. 

Find the answer to each of the , three foUoioin^ questions in a 
vulgar fraction, in its lowest terins, 

6. What is the value of the expression 

(.25+.125+2.5— .05— .005)X.041 Ar^, fl^. 

7. What is the value of the expression 

(.1+.34+.09+3.2— .1.375)-r-5 1 Ans, jVA* 

8. What is the value of the expression 

(80— 28.54-100— 50.4— 90.1)-^50? Ans, JJ. 

Find the answer to each of the two following questions in an 
integer and decimal thousandths ; employiTig a mixed or compkst 
decimal to express the exact value., 

9. What is the value of the expression 

(5+5i+10+.3j+2TV)— (7+f+5J)1 Ans, 5.941f 
10. What is the value of the expression 

(25t+3.6|+16+100J)— (4i+i+10)] Ans, 130.683J. 

11. Find the sum 3840+5.123+3.4794-31. Ans. 3879.602. 

12. Find the sum .7309+ 7834+834.3+.75. Ans, 8669.7809. 

13. Find the sum 80.01+1347+9348+3.6. Ans, 84.6796. 

14. Find the difference 737.68—7.3473. . . Ans. 730.3327. 
16. Find the difference 80.893— 837.83. , . Ans, 756.937. 
a6. Find the difference 376.84—37.639. . Ans, 339.201 
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1 1 . Find the amount of a merchant's bill for 3^ yards of clot 
at 7 dollars 68| cents per yard, 12^ yards of silk at 1 doUai 
31^ cents per yard, and 16 skeins of silk thread at 6^ cents a 
skein. Ans. $43,984'. 

12. What quantity of iron at 46 dollars per ton, may be 
purchased for 28 dollars 62^ cents 1 Ans, .636' of a ton. 

13. Bought 20 barrels of flour for 102 dollars and 50 cents, 
and sold the same at a profit of 87^ cents per barrel: at what 
price per barrel was it sold, and what was the entire profit 
made ? Ans. $6 ; and $17.60. 

14. If a ship sail at the rate of 130.76 miles per day, in what 
time ought she to sail 69.33^ miles ? Ans, .630' of a day. 

16. A merchant bought 26 yards of cloth at 4 dollars 874 
cents per yard, and sold it at an entire profit of 60 dollars 68| 
cents : at what price per yard was the cloth sold 1 

Ans, $6.9026. 
16.- -What, is the price of sugar per hundred weight when % 
hundred weight costs 6 dollars 37j cents, and what should be 
paid for 6^ hundred weight of sugar at the same rate ? 

Am, $8.6; and $46.75. 

17. A farmer bought a plantation containing 400 acres, at 
per acre, and sold ^ of it at a profit, 09 that half, of 

$213.12^. At what rate per acre was the land sold ? 

Aw5. $21,666'. 

18. If f of a yard of silk cost $1.12 J, what sum should be 
paid for 16 J yards at the same rate ] Ans. $27.90. 

19. A person wishes to purchase a quantity of coffee, and 
as much rice. The cofiee is at 13 J cents, and the rice at 6 
cents, per pound ; what amount of each can he purchase for 
$15i 1 Ans, 83.783' pounds. 

20. Allowing J of a yard of cloth to cost $6. 43 J, what sum 
ought to be paid for 13| yards at the same rate ? 

Ans. $100.69376. 

21. A bought of B 122^ bushels of whe^t, and of C 76j 
bushels, at 93| cents per bushel. He made 60 bushels into 
flom*, and sold the flour at a profit of $12.60 : if he sells the 
remainder of the wheat at 81^ cents per bushel, what will be 
his entire profit or loss ? Ans. Loss $4,718'. 

22. A speculator bought 60 barrels of flour at $4.06^ per 
barrel, and 76 bushels of wheat at $.68| per bushel. Having 
sold 20 barrels of the flour at $6 per barrel, and the whole of 
the wheat at $.76 per bushel, at what rate per barrel must the 
remainder of the flour be disposed of to make fiis profit $100 
on the whole 1 Ans, $6,614' per barrel. 



REMARK. 



The preceding Chaptets, which contain the Addition, Subtraction, Mckl- 
tiplication, and Division of Integers and Fractions — with the notations 
and reductions necessary to these operations — involve the essential prin- 
ciples of Arithmetic ; and should be fully mastered by the pupil before he 
is permitted to advance. 

At this stage, therefore, in his arithmetical studies, it is recommended 
iiat the pupil be thoroughly examined on what precedes, and, if found 
lefident, be required to review. 
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CHAPTER VIT. 

TABLES OF MONEY, WEIGHTS, AND MEASURES. — REDUCTION OF 
MONOMIALS, POLYNOMIALS, AND CURRENCIES. 

Measuring Units, 

§ 154* The measurtnff unit of a Quantity is the concrete 
unit, of whatever kind, by means of which the quantity is 
expressed numerically/, • 

Thus one pound is the measuring unit of the quantity 5 pounds. 

What is the measuring unit of the quantity 10 dollars? Of 13 yards? 
Of 24 days? Of 75 tons] Of lOO miles 1 Of 135 gallons? Of 
$1000 1 , 

DifferefnJt Orders of Measuring Units, 

§ 155. A Quantity is often expressed by two or more dif- 
ferent orders of measuring units ; each lower unit being, for 
the most part, contained an exact number of times in the next 
higher. 

Thus 10 dollars 26 cents is a quantity, or sum of money, 
expressed by two differerU orders of measuring units. 

How many difierent orders of measuring units in the quantity 5 pounds 3 
(mnces of gold? In 4 days 7 hours 20 minutes of time ? In 15 milea 
100 yards 2 feet ? In \ii(^ pounds 13 shillings 6 pence 3 farthings? 

' § 1A6« In Pedcral Money, as has been seen, (§ 138), the 
measuring units rise from lower to higher orders by a tenfold 
increase, as in abstract numbers. 

In other kinds of quantity, the measuring units rise from 
lower to higher orders according to thS various scales of increase 
given in the following 

Tables of Money, WeigJvts and Measures, 

§ 15*7. English or Sterling Money 

Is the national currency of the kingdom of Great Britain. 

4 farthings (^.) make 1 penny, (t?.); 

12 pence, • 1 shilling, (s.); 

20 shillings, 1 pound, (£); 

Also, 5 shillings make 1 croton, and 21 shillings 1 guinea^ 
The English pound sterling is represented by a. ^old c^vdl« 
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called a sovereign, which is valued by law in the United States 
at $4.84. 

One qr. is what port of a (/. .? \ d.\B what part of a a. ? 
1 8, is what part of a d£..? 1 9. is what part of a cromn ^ 

§ 158. Troy Weight 

Is used in weighing jewels, gold, silver, liquors, and, generally, 
the most valuable commodities. 

24 grains (jgr.) make 1 pennyweight, {dwt. orpwt,); 
20 pennyweights, . 1 ounce, (02?.); 
12 ounces, .... 1 pound, (lb,) 

One gr, is what part of a dwt.P 1 dwt, is what part of an oz. ? 

One ounce is what part of a lb J 

§ 159. Avoirdupois Weight 

Is used in weighing ^oc^tes, all the coarser metals, and, gen- 
erally, all coarse commodities. 

16 drams (dr.) make 1 ounce, (oz.) 
16 ounces, .... 1 pound, (lb.) 
2000 pounds, .... 1 ton, (T.) 

Occasionally, for the coarsest commodities, as plaster, coalg 
iron, hemp, &c., 

28 pounds (lb.) make 1 quarter, (qr.); 

4 quarters, . . . . 1 hundred weight, (ct(?/.); 
20 hundred weight, or 2240 lb., 1 ton, (T.) 

The pound Avoirdupois is 1 lb. 2 oz. 11 dwt. 16 gr., Troy 
Weight. 

One dr. is what part of an oz ? 1 oz.*is what part of a lb. 
One lb. is what part of a ^. of a cwt, 

§ 160. Apothecaries Weight 

is used in compounding fnedicines, which, however, are bought 
and sold by Avoirdupois Weight. 

20 grains (gr.) make 1 scruple, O); 

.3 scruples, .... 1 drachm, (3); 

8 drachms, .... 1 ounce, (3); 
12 ounces, .... 1 pound, (fe); 

The pound and ounce in Apothecaries Weight are the same 
is in Troy Weight. The difference between the two kinds 
0f weight is only a difference in the divisions and subdivisions 
of the ounce. 

One gr. is what part of a 9? 1 9 is what part of a 3 1 
One J is what part of an 3? 1 3 is what part of a ft* 
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$ 161. Dry Measure 
Is used in measuring grain, fruit, salt, coal, and, in general, all 
such commodities as are estimated in the Jieap or aggregate. 

2 pints (jpt.) make 1 quart, (jjti); 

8 quarts, .... 1 peck, (^.); 

4 pecks, 1 bushel, (&t£.); 

The English quarter, in Dry Measure, is 8 bushels, and the 
^ckcHdrcn is a coal measure of 36 bushels ; but coal is usually 
sold by vxight. 

One pt ia what part of a qtJ i qt.i& what part of a pkJ 
One pk, is what part of a buJ 

$ 162. Beer Measure 

Is used in measuring beer, ale, and, in general, all malt liquors* 
milk, and water. 

2 pints (pt,) make 1 quart, (qt-); 

4 quarts, .... I gallon, (gal.); 
36 gallons,. . . . 1 barrel, (6ar. or W>Z.); 
54 gallons,. . . . 1 hogshead, (AAd.); 

The English ^r^tn is 9 gallons; also 2Jir, make one kilderkin, 
and 2 kil. make 1 barrel. 

One gal. is what part of a bblJ 1 gal, is what part of a hhdJ 

§ 163. Wine Measure 

Is used in measuring totTie, distilled spmi^, and, in general, all 
liquids excepting such as fall under Beer Measure. 

4 gills (^'.) make 1 pint, (pt); 
2 pints, .... 1 quart, (9/.)/ 



4 quarts,. . 
31^ gallons, . 
63 gallons, • 

2 hogsheads, 



. 1 gallon, (^tfZ.); 

. 1 barrel, (bar, or hbl.); 

. 1 hogshead, (hhd,); 

. 1 pipe or butt, (pi. or U,); 

2 pipes or 4 Mid,, 1 tun, (in.); 

Also 42 gallons make 1 tierce, and 84 gal, make 1 puncheon. 
The gallon in Wine Measure is .81' gal, in Beer Measure. 

One gi. is what part of a pt. 1 gal. is what part of a bbL 

§ 164. Linear or Long Measure 
Is used in measuring lines ; that is, length, distance, height, &A 

12 inches (in,) make Ifoot, (^.^; 

3 feet, 1 yard, (yd.); 

5^ yards, 1 rodorpole,(r. or^.); 

40 rods, 1 furlong, (Jur-); 

8 Airlongsorl760^. 1 mile»(fii.); 
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Also, 3 miles makel leagtte-^uBed in expressing distances at 
tea. The term barley com was formerly used for ona third of 
an inch, and the term line is sometimes used for one ttoelfth 
of an inch. 

A hand is 4 inches — ^used in measuring the height of horses ; 
and a, fathom is 6 feet— ^used in measuring the depth of water. 

One tn. is what part of a fi,? I ft. is what part of a yd,? 
One yd. is what part of a r. or p.? 

§ 165. Cloth Measure 

Is used in measuring cloth, silk, lace, &c., being a species ol 
Linear or Long Measure. 

2 J inches (in.) make 1 nail, (n.); 

4 nails, 1 quarter, (^r.); 

4 quarters, , . . . 1 yard, (yd.); 

Also, 3 quarters make 1 Flemish ell ; 4 qr. H in, 1 Scotch 
cU ; 6qr, 1 English ell ; and 6 ^. 1 French ell. — 

The yard in Cloth Measure is the same as in Long Measure. 
One in, is what part of a naJ 1 na. is what part of a gr.? 

§ 166. Square Measure 
Is used in measuring surfaces, or any extension in length and 
breadth, without regard to thickness. 

A sqitare inch is an inch long and an inch toide ; a square 
foot is a foot long and a foot wide ; and so on. 

2 m. long and 1 in. wide wonld make how many square inches ? 

2 in, long and 2 in, wide would make how laiLay square inches ? 

3 in. long and 2 tTi. wide would make how many square inches? 

144 square inches (sq. in.) make 1 square foot, (sq,ft.), 
9 square feet, . . ..... 1 square yard, (^^i. ye?.); 

30J square yards,. . > . .,. . 1 s$. rod, pole, or perch, (P.); 

40 perches or sq, r. or j?.,. . . 1 rood, (12.) 5 
4 roods, or 160 55^. r., . . • . 1 acre, (A.); 

Also, 640 acres make 1 sqiutremile, or Section of land ; and 
6 miles square, which is 36 sq. miles, make a Township. 

An inch square is an inch long and an incii wide, being the 
same as a square inch ; a foot square is the same as a 
square foot. 

But ^100 inches square is 2 in, lon^ and. 2 in. wide, which 
makes 4 sq, in.; 3 inches square is 3 m. long and 3 in. wide, oi 
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4 in; square is how many square inches? Hfl. square is how many 
square feet? 10 miles square is how many square miles? 

§ 167. Cubic or Solid Measure 
Is used in measuring solids, or any extension in lengthy breadth 

and thickness. 

A cuMc inch is an inch long, an inch wide, and an inch thick; 

a cubic foot is' a foot long^ a foot wide, and a foot thick, and 

BO on. 

2 ir^, long, 1 in, wide, and 1 in, thick would make how many cubic 
inches? 2 in, long, 2 i/?., wide, and 1 in. thick, would make how many 
cubic inches 1 2 in. Ic '^, 2 in, wide, and 2 in. thick, would make how 
many cubic inches 1 

1728 cubic inches (cu, in.) make 1 cubic foot, (cu. ft.) 

27 cubic feet, r 1 cubic yard, (cu. yd.); 

128 cubic feet,. ....... 1 cord. 

A cord of wood is usually put ap 8 ft. long, 4 ft. wide, and 
4 feet high. One foot in length il such a pile is called a cord 
foot, and contains 16 cubic feet. 

60 cubic feet of timber are a^ owed to weigh &ton. Of round 
timber such a quantity is allo'ved for a ton as, when hewn, will 
make 40 cubic feet. 

A perch of stone is estimttci At 7 rod or perch, which is 16^ 
ft., in leifgth, 1 J ft. in tUcXiiess, and 1 ft. in height ; and 
contains 24} cu. ft. 

231 cu. in. is the capacity of a gallon in Wine Measure, and 
282 cu. in. is the capacity of a gallon in Beer Measure. 

The British Imperiar gallon contains 277.274 cu. in., and 
the Imperial bushel, being 8 Imp. gal. contains 22 18.192 cu* in. , 

The British Winchester bushel, which is the standard bushel 
in the United States, contains 2160.4 cubic inches. 

§ I6§, Circular Measure 

Is used in meaf#uring any part of the drcumfirence of a circle^ 
in reckoning latitude and longitude, and the motions of the 
heavenly bodiefi. 

60 ceconds ( " ) make 1 minute, ( ' ); 

60 minutes, 1 degree, (°); 

36? degrees, the circumfereTvce of any circle. 

A degree J it is evident, has no determinate linear extent ; 
being always the 360th part of the circumference on which it 
is t.iken. it is greater or less as that circumference is greatei 
or less. fe 
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A degree on the circumference of. the earth, is about 69^ 
miles. 

One mintUe on the circumference of the earth, is called a 
geographicdL or rtautical mile ; the mile of linear measure being 
denominated a statute mile. 

§ 169. Measure of Time. 

Time is measured in days' by the revolution of the earth 
around its axis, and in years by the revolution of the earth around 
the sun. 

60 seconds {sec.) make 1 minute, (mm.); 

60 minutes, Ihour, (Ar.); 

24 hours, 1 day, ((ia.); 

7 days, 1 week, (wk,)\ 

365 days, or 52 w. Id., 1 common year, (yr.);. 

366 days, 1 leap year ; 

100 years, 1 century. 

A year also consists of 12 months, viz : January, February, 
March, April, May, June, July, August, September, October, 
November, and December. 

The number of days in each is as follows : 

Thirty days has September, April, June, and November ; 

February has twenty-eight alone, and all the rest have thirty-one ; 

But Leap Year comes one year in four, when February has one day more. 

Or, the fourth, eleventh, ninth, and sixth, have 30 dOp to each affixed ; 
And every other 31, except the second month alone. 
To which we 28 assign, tUl Leap Year gives it 29. . 

Solar, Civil, and Leap Years 

§ 170. The period of the earth's revolution around the sun, 
is 365 da, b hr. 4& min. 49.6 sec. This constitutes the solar 
year, being 5 hr, 48 min. 49.6 sec. longer than the common 
civil year of 365 days. 

To correct the error which arises from reckoning only 365 
days to a year, one day is added to February every fourth year; 
and this makes the Jjeap Year of 366 days. But one day is 
more than the excess (5 hr. 48 min. 49.6 sec.) of the solar 
above the civil year, amounts to in 4 years. 

To correct this second error, so as to preserve the civil in 
a^eement with the solar years, the following rule has been 
adopted ; viz : if the number of the year is divisible by 4 without 
a remainder, it is made leaf yjear ; but the closing year of a 
century, as 1700, 1800, &c., is not made Leap Year, uniess the 
manier is diviiHie ly 400, without a remainder. 
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REDUCTION OF MONOMIALS AND POLYNOMIALS. 

§ ITl. A monomial quantity, or simply a monomial, is a qtian 
tity expressed by a single name of measuriDg units, (§ 154). 

Thus 5 dollars is a monomial; 10 shillingrs is a monomial. 

§ 173« A pdtynomidl quantity, or simply a polynomial, is a 
quantity expressed by two or more names of measuring units. 

• 

Thus 5 dollars 25 cents is a polynomial; 3 pounds, 10 shillings 
and 6 pence, is a polynomial. 

A polynomial is composed of two or more monomials, which 
may thence be called ^e terms of the polynomial. 

Thus in the first example given, the terms are 5 doh and 
25 c; and in the second, 3£, 10 5. 6 (2. 

Note, — Monomial quantities have by some been called <fe- 
nominate numbers, and polyTiomials have usually been called 
compound numbers, 

BEDUCTION DESCENDING. 

§ 1T3. Reduction descending consists in finding the value oi 
a given quantity in measuring units of a lower order, (§ 165). 
The quantity is then said to be reduced to a lower name oi 
denomination* 

RULE XXXIII. 
§ 17d« To reduce a Quantity to a lower denomination. 

1. Multiply a monomial of a higher denomination, or the 
highest term of a polynomial, by that number of the next lower 
denomination which makes a unit of the higher ; the prodiuU 
will be in the lower denomination. 

2. This product may, in like manner, be reduced to a still 
lower denomination, and so on, observing that each lower term 
in a polynomial must be added to the product in the same 
denomination tviih itself, 

3. In reducing a monomial fraction to lower denominations, 
the integers in the successivje products may be reserved, and 
afterwards arranged as the terms of a poZyiumivil. 
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EXAMPLE. 

To reduce b£, I4s, 9d. to pence. 

£5 .Us, 9d. 
20 

1145. 

12 
13 77 J. 

We multiply 6 j£ by 20, because 20 5. make 1 j£; the product 
is shillings — ^to which adding the 14 »., we have 114 «. 

We next multiply the 114s. by 12, because 12({.%iake 1 s.; 
the product is pence — to which adding the 9i.,we have 13*71 d 

Thus we find 6 j£ 14 5. 9 (?. to be equal to 1377 d, 

EXERCISES. 

1. Reduce 4lb,'7oz. 13 dwt, to dwt. 

Recollect that 12 oz. make 1 Jb,, and 20 dwt make I oz. ^ 

Ans, lllZ dwt 

2. Reduce 7 lb. 10 dwt. 2 ^. to ^r Ans. 40662 ffr. 

3. Reduce 3 T. 2 cwt. 3 qr^ to qr Ans. 261 qr. 

4. Reduce 9 cwt 1 gr. 13 oz. to oz Ans. 16689 oz. 

6. Reduce 14 3', 2 ;i, 12 ^r. to ^ Ans. 6862 gr, 

6. Reduce, 8 fc, 1 3, 16 ^. to ^ Atw. 46166 ^r. 

7. Reduce 15 6tt. 2 jpA:. 7 ^. to ^ . Ans. 603 qt 

8. Reduce 9 bu. 6 qt 1 pt to pt Ans. 687 pt 

9. Reduce 3 pi. 1 hM. 40 gal. to gal. . . . Ans. 481 gal. 

10. Reduce 4 tuns, 6 Mc2. 3 qt, to qt Ans.' 6295 9/. 

11. Reduce 13 m. Tfur. 25 r. to r Ans. 4466 r. 

12. Reduce 10 L. 16 fur. 16 p. to p Ans. 10266 j?. 

13. Heduce 20 yd. 3 qr. 2 na. to 7ia Ans. 334 na. 

14. Reduce 31 yd. 3 na. 2 in. to in An^. 1124|t7i. 

15. Reduce 14 A. 1 12. 20 P. to P Ans. 2300 P. 

16. Reduce 9 4' 13 P. 45^^. yd. to sq. yd. . Ans. 43957 J sq. yd. 

17. Reduce 10 cu. yd. 17 cu.fi. to cu.ft. Ans. 287 cu. ft. 

18. Reduce 4 cu.yd. 100 cu, in. to cu. in. A?w..i86724 cu.in. 

19. Reduce 20 wk. 6 da. 33 hr. 5 min. to min. Ans. 2 1 0785 min. 

20. Reduce 1 yr. 100 da. 20 hr. 6 min. to mm. Atw. 670806 min. 

21. Reduce 7 T. 13 cwt \ qr. Alb. to 02?. . Arts. 274688 as. 

22. Reduce 75 fc, 10 3,7 3, 2 9,11 ^r. to ^r. Atw. 437271^. 

23. Reduce 3 7tkd. 40 gal. 3 9^ 1 pt to ^fZ/s. An*. 7366 giUs. 

24. Reduce 6 i. 2 m. 4, fur. 15 r, to yards. Ans. 30882^ yd, 
25. Reduce J i A . 2 jR. 25 P. 25 sq.yd. to ^^.yd. An*. 66441^ sq. yd. 
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Monomial jFVctctions JRedticed to IrUegers, 

26. Reduce f £ to integers in shillings, &c. 

|j£ multiplied by 20 produces Sf «.=:6f shillings, ($ 174). 
Reserving the integer bs., and reducing the fraction f 5. to- 
pence, — 

f S. multiplied by 12 produces Y <^.=8f pence. 

Reserving tlie integer 8 d., and reducing the fraction f d, to 
farthings, — 

^d. multiplied by 4 produces \^qr.=:Q^ farthings. 
Arranging the integers reserved as the tenns of a polyrumnalj 
we find f j£=5 ». 8 d. 2f ^. 

27. Reduce .23 £, to integers in shillings, &c. 

.23 £ multiplied by 20 produces 4.60 shillings, (§ 174). 

Reserving the integer 4 5., and reducing tlie fraction .60 s, to 
pence, — 

.605. multiplied by 12 produces 7.20 pence. 

Reserving the integer 7 d.^ and reducing the fraction .20(1. to 
qr,, — 20 d. multiplied by 4 produces .80 farthings. 

Arranging the integers reserved as the terms of a polyno- 
mial, we find .23 £=4 s. 7 d. 0.80 qr. 

The integers found in reducing are arranged with the quan- 
tity in the lowest denomination, whether that quantity be an 
integer or otherwise. 

28. Reduce | lb, to integers in or., &c. 

Anfi, 6 oz. 6 dwt, 16 ^, 

29. Reduce .17 lb, to integers in oz., &c. 

Arts, 2 oz. dwt, 19.2 ^. 

30. Reduce f ^. to integers in lb,, &c. 

An5. 18 lb. 10 02r. 10} dr, ^ 

31. Reduce .19 T. to integers in ctr^, &c. 

Arw. 3 etc/. 3 ^. 6.6 Z6. 

32. Reduce y*? 3 to integers in 3, &c. A7^5. 2 3, 9, 8 ^r. 

33. Reduce .35 3 to integers in 3, &c. An.?. 2 3, 2 9, 8 ^r. 

34. Reduce {^pk. to integers in 9/., &c. Ans. 4^^ Ipt. l\gi* 

35. Reduce ^ pi. to integers in hhd,, &c. 

Atw. 1 ^Arf. 12 gal. 2f 7/. 

36. Reduce .31 hi. to integers in p^. &c. 

Atw. "IjdV. 1 <7^ 1.84 |ft. 

37. Reduce .6 ttm^ to integers in^i., &c. 

Atw. 1 pi. 25 gaL V.^ "ifl* 
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38. Reduce f |} m. to integers in fur., &c. 

Arts, Zfur, 20 r, 4 yd 

39. Reduce .4 X. to integers in m., &lc, Ans. 1 m. 1/z^r. 24 r. 

40. Reduce ^f yd, to integers in qr,y &c. 

Arts. Z qr. 2na, 1/y in: 

41. Reduce .985 yd, to integers in ^. &c. 

Ans. 3 ^. 3 fta. 1.71 in, 
42< Reduce f A. to integers in R., &c. 

Ans. 2 R. 26 P. 20 J yi. 

43. Reduce .83 A. to integers in R,, &c. 

A?w. 3 R, 12 P. 24.2 yd, 

44. Reduce y^if ctt. yd, to integers in ct^. //., &c. 

A72S. 15 cu. ^2. 1296 cu. in, 

45. Reduce ,Zcu. yd, to integers in cu,ft., &c. 

Atw. 8 cw. ft, 172.8 CM. tfi. 

46. Reduce -^ eZe^ee to integers in mm., &.c. 

Are^. 21 min, 25f sec. 

47. Reduce .37 deg, to integers in min., &c. 

A7Z5. 22 min. 12 sec 
48 Reduce /,; wk, to integers in c^., &c. 

Ans. 4 (2a. 21 ^r. 36 min. 
49. Reduce .85 1(7^. to integers in da. ^c. 

Ans. 5 (2a. 22 Ar. 48 min, 

BEDUGTION ASCENDING. 

$ 175. Reduction ascending consists in finding the value of a 
given quantity in measuring units of a higher order. The 
quantity is then said to be reduced to a higher name or deTwm^ 
tntUion. 

RULE XXXIV. 

$ 1V|(. To reduce a Quantity to a higher denomination. 

1. Divide a monominal of a lower denomination, or the lowest 
term of a polynomial, by the number of that denomination 
which makes a unit of the next higher denomination : the 
patient will be in the higher denomination. 

2. This quotient may, in like manner, be reduced to a still 
higher denomination, and so on, observing that each higher 
term in a polynomial must be added to the quotient in the same 
denomination with itself. 

3. In reducing a monomial integer to .higher denominations, 
each remainder may be reserved in the same denomination with 
ihe dividend whence it is derived, and the last quotient and the 
several remainders be afterwards arranged as the terms of a 
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EXAMPLE. 

To reduce 10 s. 6 d, 2 qr. to the denomination of £. 

We take the lowest term 2 qr. and divide it by 4, bee vase 4 
qr. make 1 (?., a unit of the next higher denomin&tLon 

2 qr.=l d.=:^ d. 

We then add the 6d. to the ^ d., and divide by 12, because 
12 d, make 1 5., awni/ of the next higher denomination. 

We next add the 10 s. to, the J J 5. and divide by 20, because 
20 s. make lj£, a unit of the next higher denomination. 

lOif ^.="2^- £=113 £. 

Thus we find 10 s. 6 d, 2 qr. to be equal to }f JJS. 

The same reductions performed decimally, will be presented 
thus; 

2 5T*-^4=.6 d,\ 6.5 d.-^12=.541' s.; 10.541' 5.-e-20=.627' £,. 

Another method of Hedudng a Polynomial to a Fraction of a 

Higher Denomination, 

^ 177. A Polynomial may also be reduced to a vulgar 
fraction of a higher denomination, by reducing the given 
quantity to its lowest denomination, for a numerator, and re- 
ducing a unit of the higher denomination to the same lowest 
denominatioi^ for a denominator. 

Thus to reduce 10 ». 6 c?. 2 ^. to the fraction of a £. 

10 5. 6 4. 2 9r.==506 qr.; and 1 £=960 qr. 

The fraction will then be f g J £=|f J £. And this fraction 
reduced to a decimal (§ 153) gives .527* j£, the same as in the 
preceding example. 

EXERCISES. 

1. Reduce 8 oz. 15 dwt. 18 gr. to a fraction of a lb. 

Ans. J8§ lb. 

2. Reduce 10 oz. 13 dwt. 20 gr. to a decimal of a lb. 

Ans. .890' W. 

3. Reduce 2 ^r. 14 Z6. 12 oz. to a fraction of a cwt. 

Ans. {f } cwt. 

4. Reduce 9 cwt. I qr. 10 lb. to a decimal of a T. 

Ans. .466' T. 
6. Reduce 2 ,?, 2 9, 17^. to a fraction of an 3. Ans. /^j 3. 
6. Reduce 3 JM. 5 gal. 3 ^. to a decimal of a tun. 

Ans, .T*!^' tvK«\. 
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7. Reduce 4 yd, 2 ft. 9 in, to a fraction of a r. Ans, {f r. 

8. Reduce 6/i<r. SOj?. 4y(f. to a decimal of a m. 

An5. .846' TO. 

9. Reduce 2 qr,Z na. 2 in. to a fraction of a yd. Ans. ;J J J yd, 

10. Reduce 1 ^. 2 na. 1^ i^z. to a decimal of a yd. 

Ans. .416' y(f. 

11. Reduce 8 sq.ft. 100 sq. in. to a decimal of a sq. yd. 

Ans. .966' sq. yd* 

12. Reduce 3 jR. 20 P. 9 sq. yd. to a decimal of an A. 

Ans. .876' A. 

13. Reduce 20 cu.ft. 1000 cm. m to a decimal of a cu. yd. 

Ans. .762' cu. yd. 

14. Reduce 40' 30" to a fraction of a deg. Ans. | J de^, 

15. Reduce Ibmin. 15 5cc. to a decimal of anAr. Ans. .254' Ar. 

1 6. Reduce 3 hr. 4 min. 20 sec. to a decimal of a da. 

Ans. .155^ da* 

17. Reduce 6 s. I0d.2qr.to a, fraction of a £. Ans. tVjj j£. 

18. Reduce 10 02^. IBdwt. ^gr. to a decimal of a Ih. 

Ans. .888' /6. 

19. Reduce lllh. lAoz. 10 dr. to a decimal of a cwt. 

Ans. .159'ct9t. 

20. Reduce 5 3» 2 9, 10 gr, to \ fraction of a %. Ans. -^^ &• 

21. Reduce Ijik. Zqt. Ipt. to a decimal of a bu. Ans. .359'^. 

22. Reduce 35 gal. Ipt. Igi. to a decimal of a hhd. 

Ans. .558'AA(I. 

23. Reduc<i 26 r. 3 yd. 2fi. to a decimal of a m. Ans. .080' m. 

24. Reduce 50 sg. yu. 5 sq.ft. to a decimal of an A. 

.Ans. .010* A. 
26. Reduce 200 c^. 16 hr. to a fraction of ayr. Ans. ||f Jyr. 

26. Reduce lib da. 2Zhr. to a decimal of ayr. Ans. .482'yr. 

Monomial Integers Reduced, to Polynomials 

27. Reduce 3531 ^. to a polynomial in j£, s. Sic. 

4) 36 3 1 y. 

1 2 ) 8 8 2 (^. 3qr. 
2|0)7|3g . 6d. ' 

3£ 13 5. 6d. 3qr. 

Dividing 3631 qr. by 4, we find 882 i., with the remainder 
3qr.; dividing the 882 <i. by 12, we find 73 s., with the remain- 
der 6 (i.; dividing the 73 s. by 20, we find 3JE, with the 
remainder 13 s. 

Arranging the last quotient 3 JB and the Several remainders 
as the terms of a polynomial, we find 3531 qr. equal to 3j& 13 «• 
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28. Reduce 530 d, to a polynoraial in j&,&c. Ans, 2 £ 48. 2d, 

29. Reduce 874 dwt. to a polynomial in lb., &c. 

Ans, 325. 7 02. 14 diet, 
3G. Reduce 1000 dr. to a polynomial in lb,, &c. \ 

Afis. 3 lb, \4oz. Sdr, 

31. Reduce 785 lb, to a polynomial in cwt, &/i, 

Atis, Icwt, Qqr, lib, 

32. Reduce 870 B to a polynomial in fc, &c. Ans, 3 fc, 2 3. 

33. Reduce 748 3 to a polynomial in fc,&c. Ans, 7 fc, 9 3, 4 3. 

34. Reduce Q2pU to a polynomial in jik,, &c. Ans. Zpk, Iqt. 
M* Reduce 730 ^^ to a polynomial in bu., &c. 

Ans. 22 bu. 3pk, 2 qt, 

36. Reduce 890 Ihl. to a polynomial in tuns, &.c. 

Ans, III turn, Ihhd. 

37. Reduce 75 hhd, to a polynomial in tuns, &.c. 

Ans. 18 tuns, Ipi. 1 hhd, 

38. Reduce 200yif. to a polynomial in r., &c. Ans. 12 r. 2^^. 

39. Reduce 640yd, to a polynomial in/wr., &c. 

Atw. 2/Mr. 18 r. 1 yi. 

40. Reduce 1000 r. to a polynomial in L.,&,c. Ans. I L, I fur, 

41. Reduce 375 wa. to a polynomial in yd., &c. 

Atw. 23yrf. 1 ^.*3 na, 

42. Reduce 4750 57. in. to a polynomial in sq.yd., &.c. 

Atw. 359.^6?. 5yi. 142 m. 

43. Reduce 7562} sq.yd, to a polynomial in A., &c. 

Ans. 1 A. 2 22. 10 P. 

44. Reduce 9374 cu. in, to a polynomial in cti. fL, &.c. 

Ans, 5 cu.ft. 734 in, 

45. Reduce 4034" to a polynomial in deg., &c. Ans. 1° 7' 14". 

46. Reduce 371' to a polynomial in deg., &c. Ans, 6° 11'. 

47. Reduce 3875 sec. to a polynomial in hr., &c. • 

Ans. I hr. 4 min. 35 sec. 

48. Reduce 4375 min. to a polynomial in da., &c. 

Ans. 3 (2a. 55 min 

49. Reduce 3470 hr, to a polynomial in wk.', &c. 

Ans. 20 1^^. 4 da. 14 Ar. 

50. Reduce 4831 d. to a polynomial in jS, &c. 

Atw. 20je 2s. 7<i. 

51. Reduce 3743 cZ. to a polynomial in £, &c. 

Ans. 16 £ Us. lldL 

52. Reduce 335 lb, to a polynomial in cwt., &.c. 

Atis. 2 cwt. 3 qr. 21 lb. 

53. Reduce 3735 B to a polynomial in Tb, &,c. 

A71S. 12 ft, 113,53. 

54. Reduce 17630" to a polynomial in deg,, &c- 

Ans. 40 53' 50". 
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A Polynomial Reduced to the DenomincUion of either of its 

Terms. 

$ IVS* A Polynomial may be reduced to the) denomination 
of either of its terms, by reducing the other terms to that 
denomination, and adding together the several parts. 

EXAMPLE. 

To reduce T£ 10 s. Sd. 2 qr. to shillings. 

By Rule XXXIIT, 7je=1405.; and by Rule XXXIV, %d. 
2 9r.==.708'5.; 

then 7j5 10s. Sd. 2 9r.=140s.+105.+.708'5.=150.708'5. 

55. Reduce 92^. 8oz. J5 dwt, 5 gr. to dwt, Ans. 2335.208' c^ir/. 
66, Reduce 2 T. I5cwt. 3qr, 18 lb. to cwt. Ans. 55.910* cwt. 

57. Reduce 25biL, Zpk. Zqt. Ipt. to pk. Ans. 103.437'^i. 

58. Reduce 5 tuns, ZhM. 20 got. 1 qt, to gal. Ans. 1469.26 ^oZ. 

59. Reduce 4wi. 5 fur. 30 r. Zyd. to r. Ans. 1610.545 r. 

60. Reduce 3 A. 2 JB. 19 P. 5 sq. yd. to P. Ans. 579. 166' P. 

61. Reduce 6 tuns, 2hhd. Z5gal. Ipt. to tuns. Ans. 6.639Uuns. 

62. Reduce 12 A. 3 jR. 21 P. 25 sq. yd. to A. Ans. 12.886' A. 

63. Reduce 10 T. 15 cwt. 1 qr. 25 lb. to cwt. Ans. 215.473 cwt. 
64. -Reduce 25 X. 2 m. Ifur. SO p. to fur. Ans. 623.15 fitr. 

CtMc Measure Reduced to Gallons, Busliels, <kc. 

$ tT9* Cubic measure may be reduced to gallons in Beer or 
Wine Measure, or to bushels in Dry Measure, by dividing the 
number of cubic inches by the number of cubic inches in a 
gallon or bushel, respectively. (§ 167). 

EXAMPLE. 

65. How many bushels of wheat would be contained in a 
box, the capacity of which is 100 cu. ft. 500 cu. in.'i 

100 cu.ft. 500 cu. tn.=173300 cubic inches ; 

and 2]50.4ct£. in. make 1 bushel; then 173300-^2150.4== 
80.589' Imhds. 

66. How many bushels of salt could be put into a receptacle 
which measures 2 160 ctt.yif. lOOOcw. iw.1 Ans. 1736. 179' 6u. 

67. How many barrels of water will be contained in a cistern 
whose capacity is 25000 cu.fl. 1600 cz^. in.'\ 

Ans. 4255.466' bar. 

68. How many barrels of wine will be contained in a vat 
whose capacity is found to be 730 eu. fl. 49 cu. in.l 

Ans. 173.864' Aor. 
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Coins and Currency, 

i 180* The coin, or specie, of a country, consists of pieces" 
of metal, usually gold, silver, or copper, but in some countries 
platinum, of fixed value, and stamped by public authority — ^to 
be used, and to circulate, as money. 

The gold coins of the United States are the eagk, half-eagle, 
and quarter-eagle; the silver coins are the dollar, half-dollar, 
qaarter-doUar, dime, and half-dime; the copper coins are the 
ceM, and half-cent, 

§ 1§1, The coins of one country will circulate as money 
in other countries, at values corresponding, very nearly, to 
the quantity and purity of the metal they contain. Thus in 
the United States we have in circulation the English sovereign, 
the Mexican dollar, and other foreign coins. 

$ 192. The Currency oi a country consists of its circulating 
coin, together with bank notes considered as representing coin 
or specie, and, occasionally, notes or bills issued by Government. 

The Fineness of Qold—how expressed, 

$ 1§3« The degree of purity or 'fineness of gold is expressed 
by carats. Thus pure gold being combined with some baser 
metal, vflftled alloy, if 20 parts in every 24 of the compound be 
pure gold, the alloyed gold is 20 carats fine. 

In like manner 21 parts of pure gold to 24 of the compound, 
would produce gold 21 carats fine ; and so on. 

* 

Standard Purity and Weight of U, S. Coins, 

$ 194. By an act of Congress, passed in 1837, the gold and 
silver coins of the United States must contain 900 parts of 
pure metal to 100 of alloy. 

The alloy of the gold coins is composed of silver and copper, 
the silver not to exceed the copper in weight. The alloy of 
the silver coins is pure copper. The copper coins are pure 
copper. 

The Eagle is required to weigh 258 grains ; the Dollar, 412^ 

'grains ; and the Cent, 168 grains. The half-eagle, half-dollar, 

Se.c., weigh half as much as the eagle, dollar, &c., respectively. 

The use of the alloy in gold and silver coins, is, to produce 
greater hardness in the metal, and thus render iJiem lest llabl« 
to wear in being often handled. 
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jRedficiion of Currencies, 

§ 1§5. The Federal Currency of the United States was es- 
tablished by Congress in 1786. At that time, the currency 
consisting in the bills or notes of the individual States, in the 
denominations £,, s., &.C., had fallen below its nominal value * 
and in different degrees in different States. 

Hence the pouvd, shilling, &c., in those depreciated curren 
cies, came to be of different values in Federal money, in 
different States ; and those values have continued in use, to 
some extent, up to the present time. 

Recollecting then that the difference in value belongs to the 
^hillinff, and not to the dollar, we have the following 

Table of Values of a Shilling. 

[n New England, Va, Ky. and Tenn. 6s.=$l, or 1 5.=16f c/s. 
In New York, N. Car. and Ohio, 85.=$1, or 1 5.=12jcte. 
In New Jersey Penn. Del. and Md. 7Js.=$l, or 1 s.=13jcfe. 
[n South Carolina and Georgia, 4f 5.=$1, or 1 s.=21f cfe. 

In some of the new States, the shilling is valued according 
to the New England Currency, in others according to the New 
York currency, and others again adhere exclusively to Federal 
money. 

The Pound Sterling. 

§ 180/ The English pound sterling, which is represented 
by a gold coin called a sovereign, is valued by law in the 
United States at $4.84. 



The intrinsic value of the sovereign, that is, the value cor- 
responding to the quantity and purity of metal it contains, is 
$4,861. Its marketable value, or the sum for which it passes 
with money dealers, varies from $4.83 to $4.86". 

Taking the sovereign or pound sterling at its legal value, 
we shall find 4^'/^ shillings sterling=:$l, or 1 s. ster.=24i cts. 

Federal and EnglisJt Money Reduced — the one to the other, 

RULE XXXV. 

% li^H. {I') To reduce Federal to English Money. 

Multiply Federal money, expressed in the denomination of 
dollars, by the number of shillings in $1 ; the product will be 
shiUinffs. 
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(2.) To rediLce English to Federul Money, 

Divide English money, expressed in the denomination of 
flhillings, by the number of shillings in $1 ; the quotient will 
6e doUars. 

EXAMPLES. 

1. To reduce $275. 18 J to sterling money, reckoning the £ 
ster, at $4.84. 

$1 being 4^^ s. ster, we have 

$276.1876X4tJ/t=1137.1384's. ster. 

Reducing to £, &c., we find 1137s.=56£ 17 5.; and .1384'*. 
=ld,2,6*qr. 

Hence $275.18}=66£ 17s. Id. 2.6' ^r*. sterling. 

2. To reduce 3£ 13 s. 6d. sterling to Federal money. 

By reduction, we find 3£ 13 s. 6rf.=73.6 shillings, (§ 178;, 
and 73.6 s.-r-4xyj=$l7.787. 

EXERCISES. 

1. Reduce 2 s. 3 d: in New England^ to Federal money 

Ans. $.375 

2. Reduce 6 s. 6 d. in New York, to Federal money. 

Ans. $.687*. 

3. Reduce 14 s. Sd. in Pennsylvania, to Federal money. 

Am. $1,956'. 

4. Reduce 16 s. 9 d. in Georgia, to Federal money. 

Ans. $3,589'. 
6. Reduce lOOjS 15 s. 10 d. sterling to Federal money, accord- 
ing to the legal value of the £ sterling in the United States. 

An9» $487,828'. 

EXERCISES ON CHAPTER VJI. 

1. What will 2 lb. 8 oar. 13 dwt. of silver ware amount to, at 
$.31^ per pennyweight ] 

TJie- whole quantity must he expressed in diet, and multiplied hy 
$.31J. Ans. $204.0625. 

2. What will 4 cmt. Zqr.l^lb.oi hemp amount to, at $6.87^ 
per hundred weight ] 

The xohole quantity must he expressed in cwt., and multiplied hy 
$6.87^. Ans $33,818'. 

3. What will 2 bu. 3pk. Zqt. of strawberries amount to, at 
$.12i per quart 1 A?w. $11,375. 

4*. What will 2 hlid. 40 gal. 3 qt. of beer amount to, if retailed 
at $.03 per pint 1 Ans. $36.70. 
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6. What will Zhbl IQgcd. 3qt of brandy amount to, if 
retailed at $.06J per gill ) Ans. $222.6. 

6. What will 10 T. IZ cwt 2 qr, 23 lb. of coal amount to, at 
86. 37^ per ton 1 Ans. $57,431'. 

7. How many pounds of bread may be bought for $7. 84 J, 
at the rate of 2^ cents per ounce ] Ans. 19.606* lb. 

8. How many barrels of ale may be purchased for $96.87^, 
at the rate of 16 cents per quart 1 Ans. 4.438' bar. 

9. How many pipes of wine may be purchased for $450.60, 
at the rate of 18 J cents per pint 1 Atw. 2.383' pipes. 

10. Required the sum that should be paid for 1 m.Zfur. 20 r. 
of fencing, at $.76 per rod. Ans. $345. 

11. Required the sum that should be paid for IZyd. Iqr. 
3 na. of gold lace, at $.93| per yd. Ans. $12,697'. 

12. Required the sum that should be paid for 3 A. 2 R. 20 P. 
of meadow land, at $26 per acre. Ans. $90,625. 

13. Required the sum that should be paid for excavating 100 
cu. yd. 600 cu.ft. of earth, at $.91 J per yd. Ans. $108,147'. 

14. Required the sum that should be paid a laborer for 3 
years 7j^ months' wages, at $126 per annum. 

Atw. $453.1^6. 
16. A townsman, bought a lot containing 1000% sq. yd. of 
ground, at $100 per acre ; what sum did he pay for it I 

An5. $20.67'. 
16. A merchant invested the profits of five years' business, 
amounting to $7349.31^, in land at $24.12^ per acre. How 
much land did he purchase ? An^. 304 A. 2 R. 21.44 P. 

. 17. An iron-monger bought a quantity of iron at $45 per 
ton, and sold IZcwt. 2qr. 16 Z&. of the same, at $62^ per ton. 
What profit did he make on the quantity sold 1 

Aw5. $11,928'. 

18. How many barrels of water will fill a cistern, the ca- 
pacity of which is 13000 cubic feet 1 Ans. 2212.765' bar. 

19. How many bushels of wheat will fill a granary, the 
capacity of which is 4360 cubic feet 1 Ans. 3503.671' IfU. 

20. A merchant bought in New York 135 yd. 3qr. of linen, 
at 2 5. 3 d. per yard, and 74 yd. 2^ qr. of silk at 6 s. 9 d. per 
yard. Requiredf the whole amount in Federal money. 

Ans. $101,144'. 

21. A farmer sold in Philadelphia 400 bu. Zpk. of wheat, 
at 65. lid. per bushel, and 175^ bu. of oats, at 3 shillings per 
bushel. Required the whole amount in Federal miBuey. 

Ans. $439.6^4'. 
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CHAPTER VIIL 

ADDITION, SUBTRACTION, &C., OF MONOMIALS AND FOLTROMIALS. 

DX70DECIMALS. 

ADDITION, &C., OF MONOMIALS. 

$ ISS. Di^milar Monomials in the safne kind cf measwret 
may be reduced to similar monomials, and then added or sub- 
tracted. 

Thus, to add together }£ and | s, 

}£=15 5.=180(i.; and Js.=8<Z. Then 180<l.+8d.=188 d. 

RULE XXXVI. 

$1S9. To add or svbtract dissimilab monominals in the 
same kind of measure. 

Express the given quantities \n the same denominoHon, by 
means of reduction, and then add or subtract. 

EXAMPLE. 

To find the sum of S£, i s, and 8^ d. in the denomination of 
jfence, , 

By reduction, 3J£=60 5.=720 d.; and |-5.=4<2.; 

then '720d.+4d.+8id.+n2id. 

exercises. 

1. Find the sum of J T., 2cwt, and J^., in U>. Aits. 798 lb, 

2. FindthedifierencebetweenSs. and9^(2.,inJ. Ans. 26|i. 

3. Find the sum of 10 &u., Z^pk., and 2 qt, in ba. Ans. lOf f bu. 

4. Find the difiTerence between 3 hhd. and 4^ffal., in qt. 

Ans. iZSqt 
6. Find the sum of J m., J/wr., and 20 r., in m. Ans. ^} m. 

6. Find the difference between -3 A. and 30} P., in P. 

Ans. 449i P 

7. Find the sum of .4Z&., 3oz., and .6 dwt, in eft^^ 

An5. 156.5 dui, 

8. Find the difference between .3 T. and 7.3 ct^^, in cwt. 

Ans. 1.3 cwt 

9. Find the sum of 3.7 bu.y Zpk,, and 4 9^., in bu. Ans. 4.6'76bu. 
10. Find Uie difference between .45971. and .3 fur., in m. 
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li: Find the sum of .2 A,, 3.1 R., and 4 P., in sq. yd, 

Ans. 4S40 sq. yd, 

12. Find the difference between .75 A, and 1 JR., in sq. yd. 

Ans. 2420 sq. yd. 

Mvliiplication and Division of Monomials. 

§ 190* In multiplication, the multiplier can be considered 
only as expressing repetitions of the multiplicand, or a part 
of the multiplicand. 

* 

§ 191 • In Division, when the answer to be found is the 
number of times the dividend contains the divisor , or the part 
the dividend is of the divisor, these two terms must be taken 
in the same denomination of units. 

For example, to find how many times 15 s. is contained in 3 j^. 

Reducing, we find 3jG=605.; then 155. in 60s., 4 times. 

Or, 15 5.=JJ£=|£ ; and JjG in Z£, 4 times. 

13. How many yards of silk, at 5 shillings per yard, can be 
purchased for 9^ JE 1 Ans. 38 yd. 

14. How many pounds of butter, at 9 pence per pound, can 
be purchased for 21 J shillings 1 Am. 28 J lb. 

16. A person having a lot of ground which contained Ij 
acres, sold 39 P. of it to his neighbor. What part of the lot 
did he sell 1 Ans. .195 of it. 

16. A laborer who had 25 l-ods of ditching to execute, has 
accomplished 51^ yards of it. What part of the whole work 
has he accomplished ] Ans, .374' of it. 

17. A farmer sowed 57J bushels of rye in a field, and found 
that it was at the rate of 3^pk, per acre. How many acres 
did he sow 1 Ans. 65f A. 

18. An agriculturist bought, at one time, 2 T. of plaster, and 
at another, 15^ cwt. How many acres of meadow can he sow 
with the whole, at the rate of 100 Ih. per acre ] 

Ans. 62 2^^ A. 

19. A wine merchant has 3 tuns and 1 pipe of wine, which 
he wishes to put into, barrels of SlJ^aZ. each. How many 
barrels will be required for the whole ] Ans. 28 hbl. 

20. Bought at different times, in adjoining parcels, 3 A., 3^ 
R.t and 20 P. of ground. I wish to divide the whole into 
lots of 40 P. each ; how many lots will there be 1 

Ans. 16 lots. 
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ADDITION OF POLYNOMIAIfS. 

^ 192. Two or more polynomials in the same kind of meas' 
ure, might he reduced to similar monomials, and, under the 
monomial form, might he added or suhtracted. 

In like manner, a polynomial might be multiplied or divided. 

Bat polynomials maybe added, &c.r under the polynomial 
form, — such operations being usually called Compourid Addition, 
Compound SubtractioUy &c. 

RULE XXXVII. 
§ 193« For Polynomial or Compound Addition. 

1. Set the polynomials with similar terms one under another* 
in separate columns. 

2. Proceeding from right to left, add ujp each column of 
similar terms, and under each set its amount, if less than a unit 
of the next higher denomination. 

Z. If not less than such unit, divide the amount of the column 
by that number of its own denomination which makes a unit 
of the next higher; set the remainder, if any, under the column, 
and add the quotient to the next column of similar terms. 

EXAMPLE . 

To add together ISJC 7 s. 2 rf., 49jei8 s,^d., and 84je 9 s. 6 (i 

' £f s, d» 

13 7 2 

49 18 4 

84 9 6 

147 14 11 

Having set pounds under pounds, shillings under shillings, 
&c., we add up the column of d., and set down the amount 11 d,, 
since it is less than 1 s,, a unit of the next higher denomination. 

Adding up the column of s., we find the amount to be 345.* 
which, being more than l£, we divide by 20, since 20s.=ljP. 

Setting down the remainder 145. we add the quotient to the 
column of £, and find the whole sum to be 

147je 145. lU. 
By this Rule, an amount in a lower denomination is reduced^ 
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when practicable, to units of the next higher denomination ; 
and a]l units of the same denominaton are collected into one 
sum. ^§ 23). 

EXERCISES. 

1. Add together 125£, 13 s. ^d., 19£, 4s, 10 d, 2qr., and 
12£, 16 s.Sd.Zqr. Ans, 157£, 155. Od. Iqr, 

2. Add together 23 lb, Boz. 16 dwt, 36 lb, boz, 8dwt. 16^., 
and 300 a. 2oz. 9dwt IZgr, Ans, 360 lb, 4oz, I4dwt. bgr, 

8. Add together 3<r. 9cwt, 2qr, 16/6;, 10 T. Ibcwt, Iqr,, 
and 64 T. 7 cwt, 3 qr, 20 lb, Ans. 68 T, 12 cwt. 3qr,8lb. 

4. Add together 56 ih, 7 g, 5 3, 2 9, 13^., 25 ftr, 6 3, 7 3, 

andSfij, 10 3, 3 3> 19> 19^- 

Ans, 88 lb, 15, 3, 1 9, 12^. 

6. Add together I3bu, 2pk, ^qt, I pi,, 150 bu. Ipk, 5qt.,a,nd 

200 bu, Zpk, bqt,,l pt, Ans, 366 bu, Opk. 2 qt, 

6. Add together 3hhd, 20 gal 3 qt, 29 hJid. 13gal, 2qt,, and 
200 hhd, 12 ffcU, 1 qt, Ans, 232 hhd, A6^aL 2 qt, 

7. Add together Am, bfur, 20 p,, 29m. 3 fur, \6p, 4yd,, and 
34m. Ifur, 13 p, I yd, Ans, 69m. Ofar^ Op, 5yd, 

8. Add together 16 yd. 3qr, lna.,'75yd. 3qr, 3na. ltn.,and 
100 yd, Iqr, 2na. 1 in, Ans, 192 yd, Oqr, 2na, 2 in, 

9. Add together 24^ . 3 JR. 20 P., 100 A, 2 R, 16 P. 4 sq. yd,, 
and 95 A. 1 R. 29 P. 20 sq. yd. 

Ans. 220 A. 3 jR. 25 P. 24 sq, yd. 

10. Add together 200 A. I R, 24 P, 20 sq. yd,, 50 A. 2fi., 
and 600 A. 3 JR. 19 P. 16 sq. yd. 

Ans. 751 A. 3 R. 4P. b^sq. yd, 

11. A farmer raised from oi^ field IbObu, 3pk. of wheat, 
from another 75 6w. Ipk. 1 qt., and from another 200 bu. bqt. 
What quantity did he raise in all 1 Ans. 426 bu, Ipk. 4qt, 

12. A merchant has in one piece 34 yd. 3qr. of cloth, in 
another 21yd, 2 qr,, and in two others each 19 yd. 3^ qr. How 
many yards has he in the four pieces 1 Ans. 96 yd. 

13. An agriculturist sold at one time 3 T, 19 cwt, 2 qr. of 
hemp, at another 5 T. 13 cwt,, and at another 2 T, 16 cwt, 3qr, 
20 V). What amount did he sell ] 

Ans. 12 T, 9 cwt. 1 qr. 20 lb. 



f 
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SUBTRACTION OF POLYNOMIALS. 

RULE XXXVIII. 

$ 194* For Polynomidl or Compound Subtraction. 

1. Set the less polynomial under the greater, with similar 
terms one under the other. 

2. Proceeding from right to left, subtract each lower term 
from the one above it, and underneath set the remainder. 

3. If the lower term exceed the upper, add to the upper term that 
number of its oton dejiomination which makes a unit of the 
next higher ; from the sum subtract the lower term, and add 1 
to the next lower term, before subtracting it. 

EXAMPLES. , 

1. To subtract 86£, 13 s. 7 d. from 260£, 9 s. 10 d. 

£, s. d, ^ 

250 9 10 
86 13 7 



164 16 3 

Having set the less polynomial under liie greater, with pounds 
under pounds, &c., we subtract *7d, from \0d,, and set down 
the remainder Zd, 

The next lower term 13 s. being greater than the upper term 
9s., we add 20s. to 9 s., since 20s.=lj£. Prom the sum 29s. 
we subtract 13 s., and set down the remainder 16 s. 

Then adding 1 to the 5, we say 6 from 10 leaves 4, &c. 

2. To subtract 46£, 7s. 3 d. from 160£. 

• 
jS, s. d. 

150 

45 7 3 

104 12 9 

Aa we cannot take Zd, from Oi., we add 12 c^.ssl »., and 
10 
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say 3 d. from 12 d, leaves 9 d. Then 1 to 7 5. makes 8 5., aiid 
since we cannot take 8 s. from s., we add 20, and say 8 s, 
from 20 s. leaves 12 5. Then 1 to 5 makes 6, and 6 from 10 
leaves 4, &c. 

The difference between two polynomials is n(5t changed by 
aQding*, to any npper term, a quantity equal to the unit added 
to the next lower term. 

EXERCISES. 

1. From 60je, 17 s. subtract 35je, 13 s. 6 rf. 

An5. 26je, 3 5.6(1.. 

2. From 200 Tb. 9 oz, 1 dwU subtract 180 lb, \0oz, 

Ans. 19 Z6. 11 oz. I dwt. 

3. From 150 T. 13 cwL subtract 76 T. 3 cwt. 1 qr. 

Ans. 75 T. 9 cwt 3 qr 

4. From 433 ib^ 3 3, 2 3, subtract 93 lb, 10 g. 

Ans, 339 ib, 5 3,2 3 

6. From 100 bu. 2pk. subtract 21 bu. lpk,l qt, 

Ans, 79 hu, Opk. 7 qi 

6. From 21 T. 2 hhd. Zgdl, subtract 3 T. 13^flZ. 

Atw. 18 T. Ihkd. 63 gal 

7. From 275 X. 2 m. subtract 76 X. 1 m. bfur. 

Ans, 200 L, m, 3 fur 

8. From 160 yd, 3 qr, 2 na, subtract 2 ^. 3 na. 

Ans, 160 yd, Oqr, Z'na 

9. From 123 A, 2 R. subtract 30 A, 3 R, 13 P. 

Ans, 92 A, 2 R, 27 P. 

10. From 200 A, 3 jR. 20 P. subtract 30 A. 60 P. 

Ans, 110 A, 2 R lap, 

11. A jeweler purchased 34 Z&. 9oz, 13 dwt, of silver w&ru, 
df which he has sold 19 lb, Aoz, 18 ^r. What quantity has he 
remaining 1 Ans. 16 lb. 6 oz, 12 dwt. 6gr, 

12. An agriculturist raised 30 T. 13 cwt. Iqr, of hemp, of 
which he has sent to market 21 T, 16 cwt. 21 lb. What quan- 
tity of hemp has he still on hand 1 

Ans, 8 T, IScwt, Oqr, 7Z5. 

13. A farmer raised 600 bu, Bpk.lqt, of wheat. Having 
sold 300 bu, 2pk, 6qt, of this crop, what quantity of wheat has 
he still unsold 1 Ans, 200 bu, Ipk. 2 qt. 

14. A vintner purchased 3 7. 1 hhd, 40 gal. 2 qt, of wine, of 
which he has sold 1 T, 3 hhd, 41 gal. Ipt, What quantity of 
wine haa he yet unsold ? Ans. 1 T. 1 hhd. 66g€tl. Iqt. I pi. 
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16. A merchant bought a bale of cotton containing 400 yd. 
Zqr. Having sold \Zdyd. Zqr, 2na. of this purchase, how 
many yards of the cotton remain on hand ? 

Ans. 260 yd. 3qr. 2na. 

16. A speculator bought a tract of land containing 960 A. 2 
R. 26 P. Having sold from the tract to the amount of 509 A. 
3 JR., how many acres of it remain unsold ] 

Ans. 450 A. 3R. 26 P 

17. A- merchant bought at one time 4 T. 19 cwt. of hemp, 
at another 3 T. 2qr., and at another 1 T. 13 cwt. 3qr. 10 A. 
Having sold at different times to the amount of 5 T. 10 cwt. 1 
qr. 20 7&., how much hemp has he still unsold 1 

Ans. 4 T.^ 2 cwt. Zqr. 18 lb. 

18. A person who undertook a journey of 900 miles, traveled 
the first day 39771. 3 fur., the second 40 m. Ifur., the third and 
fourth each 43 m. ^fur. How many miles of his journey tlien 
remained to be traveled 1 Ans.''7Z2m. 2 fur. 

19. A manufacturer put into on6 bale 335 yd. 3qr, of cotton, 
into another 400^., and into two others each 421 y^. Iqr. 
having sold to one person 100 yd> 2^qr. from the first bale, and 
200 yd. from each of the others, how many yards remain 1 

Ans, 877 yd. 3 qr. 

20. A gentleman's fortune is estimated at lOOOOX sterling. 
If he give to each of his three sons 2000j£, 15 s., and to his 
only daughter the remainder, what will be the daughter's 
portion? . Ans. 3991 £>, 15s. 

21. A planter has one tract of land containing 3000 A., and 
two others containing each 1600 A. 1 R. 16 P. If he sell from 
the first tract 400 A. 2 R., and from the other two together 
306 A. 3 R. 25 P., how many acres will remain to him 1 

Ans. 5294 A. 1 jR. 7 P. 

22. A miller bought at one time 200 bu. 3pk. of wheat, at 
another 313 bu. 1^^., and at another IdAbu. Having manu- 
ftfctured 406 bu. 1 pk. of these purchases into flour, what quan- 
tity of wheat has he still on hand 1 Ans. 302 bu. 3pk, 

23. A grocer bought from one distillery 34 gal. 3qt. Ipt. ot 
brandy, from another 40 ^aZ., and from another 31 ycd. Iqt. 
Having sold to the amount of 60 ^aZ. 1^^ Ipt., what quantity 
remains unsold 1 * Ans. 56 gal. 3 qt. 

24. Farmer A has 300 A. 1 R. 40 P. of land ; B has'lOO A. 
2 R. 13 P. more than A, and C has 39 A. 10 P. more than B, 
while D has 75 A . 2 jR. 20 P. less than the other three together. 
How much land have B, C, and D, respectively ) 

Ans. B, 401A. 13 P.; C, 440 A. 23 P.; D. 1066 A. 16 P. 
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Interval of Time beitoeen two given Dates. 

$ 195. In subtracting a prior from a later date, add to the 
number of days elapsed in the month of the later date (when 
requisite,) as many as make the month of th^ prior date^ and 
allow 12 months to a year. 

EXAAT^LE. 

To find the interval between the 20th day of March, 1823, 
and the lOth day of April, 1848. 

y. m, da. 
1848 4 10 
1823' 3 20 



25 21 



March being .the Zd, and April the Ath month in the year, 
we designate tiiem by these numbers, respectively. 

Since March has 31 days, 11 days of it remained after the 
20th. Adding these 11 da.-s to the 10 da. of April, we have 21 
da.'y and it is plain that whatever number of months might 
intervene between the months of (he two given dates, the surplus 
days would be found in a similar manner. 

But -31 — ^20+10=10+31 — 20 \ hence the 21 rffl. (and the 
surplus days in every case) will be found, most readily^ by the 
direction above given. (§ 195). 

, § 196. The interval- of time, found as above, will include 
the particular day of the later date, but not that of the prior one. 

Thus in the Example given, the 10th of April is included in 
the interval 25 y. 21da.f but not the 20th of March, — as la 
obvious from the explanation. 

25. Find the interval of time between May 16tb, 1834, and 
September 4th, 1848. Ans. I4y. 3 m. Id da. 

26. A person was born on the 3d of April, 1807: required 
his age on the 15th of December, 1848. 

Ans. 41 y. 8 m. 12 da. 

27. How long was it from the discovery of America, October 
3lBt, 1492, to the founding of Jamestown, May 23d, 1607 1 

' Ans. 114 y. 1 m. 2 da. 

28. How long was the founding of Jamestown prior to the 
birth of Washington, February 22d, 1732; and what was 
WaAdiHgton's age at bis death, December 14th, 1799? 

Am 124 y. 8 m. 30 da., and 67y. 9 m. 31 da. 
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MULTIPLICATION OF POLYNOMIALS 

RULE XXXIX. 

§ 197. For Polynomial or Compound MiUtiplication, 

1. Proceeding from right to left, multiply each term of the 
polynomial separately, and under each set its product, if less 
than a unit of the next higher denomination. 

2. If not Jess ihan svch t<7itV, 'divide the product by that number 
of its own denomination which makes a unit of the next higher ; 
set the remainder, if any, under the term, and add the quotient 
to the product of the next term. 

EXAMPLE. 

To multiply 25£, 16 s. 3 d. by 3. 



je. 


s, d. 


25 


16 3 




3 



77 8 9 

Proceeding from right to left, we say 3 times 3 d. is 9 «?.; 8 
times 16 s. is 48 s., which, being more than l£, we divide by 
20, since 20 s. make 1 jC. Setting dojvn the remainder 8 s., we 
add the quotient 2 to the product of the next term ; 3 times 25 
is 75, and 2 makes 77. 
The product is thus found to be 77 jS, 85. 9d, 
This Rule depends on the same principles as the Rul^ for 
polynomial or compound addition. 

EXERCISES. 

1. What should be paid for 4 yards of broadcloth, at IjS, 
3 s. 8 d. per yard 1 Ans. 4£, 14 ». 8 d. 

2. Required the aggregate weight of 5 silver goblets, each 
weighing I lb. 9 oz, 13 dwt.1 Ans, 9 lb, & du^, 

3. Bought 6 loads of hay, each of which weighed 19 ctot, 8 
jr. 23 lb. Required their entire weight. 

Ans, 119 ciDt, 2qr. 26 lb. 

4. An apothecary sold 7 bottles of quinine, each weighing, 
12 oz, 13 dr. What was the weight of the whole ? 

An8,6U), 9oz. II. dr. 
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6. A fanner filled 23 sacks of corn, each containing bbu, 3 
pk, 1 qt. What quantity did they all contain I 

Ans, 132 &w. 3pk, *! <fi, 

6. A brewer sold to each one of 9 men 18 ^oZ. 3^^ Ipt, of 
beer. What quantity did he sell in all ? 

Ans, 169 ^oZ. Zqt. Ipt 

7. A vintner bought of 10 peM^ns each Zhhd. 2^ gal. 2qL 
of wine. How much did he buy ftom them all 1 

Ans, 33 hhd, 56 gal, 

8. If a man travel at the rate of 33 m. '7 fur, 30 r. per day, 
what number of miles will he travel in 11 da.'i 

Ans, 373 m. 6 fur. 10 r. 

9. A merchant sold 19 pieces of linen, each piece containing 
IQyd. Zqr, 2 na. HowTuany yards did he sell ? 

Ans. 320 yd. 2qr. 2 na. 

10. A farmer has 13 fields, each containing 24 A. 3 ^. 10 P. 
What quantity of land do all the fields contain ? 

Ans. 322 A. 212. 10 P. 

11. If a steamboat run at the rate of 12 m. 3 fur. 19 r. per 
hour, what distance will it run in 14 hours 1 An^, 174 m, 26 r, 

12. If a ship sail at the rate of 30 L. 2 m, A fur, 20 r. per 
day, what distance will she sail in 15 Ja.1 

Ans, 462 L, 2 m, 3 fur. 20 r. 

13. A teamster hauled 16 loads of coal, averaging 2 T. 17 
cwt, 1 qr, each. What was the entire weight 1 

Ans, 45 T, 16 cwt, 

14. A manufacturer made 17 pieces of cloth, measuring 39 
yd, 3 qr, each. How much cloth was there in all 1 

Ans, Q15i)d, 3qr, 
16. An astronomical year being 365 da, 6 hr, 48 min, 51 sec,, 
required the number of days in 20 such years. 

^715, 7304.84'. <£ayj. 

16. An agriculturist had 15 acres of ground in hemp, and 
found his crop to be at the rate of 17 cwt. 3qr. 10 lb, per acre ; 
what was the entire crop 1 Ans. 13 T. 7 cwt, 2qr. 10 1&. 

17. A brewer filled 3 hogsheads wiith beer, out of which he 
has sold to the amount of 76 gal, 3 qt. 1 pt. What quantity 
remains of the Zhhd.'i Ans. I hhd. Z2 gal. Oqt. Ipt, . 

18. A merchant bought 7 pieces of silJi: containing, on an 
average, 41 yd, 2 qr. each. Having sold to one Iculy II yd., and 
to three others each 10 yd, 3 qr,, how many yards of the silk 
remain on hand ? Ans. 289 yi. 1 qr. 

19. A bought of B 100 A. 2R, 21 P. of land, of C 5 times 
as much as from B, wanting 10 A., and from D as much as 
from C, wanting 3 A. 2R. 30 P. What was the amount of 
hjB ;>urchaae 1 Ans, 1083 A. 1 JR. 1 P. 
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DIVISION OF POLYNOMIALS. 

RULE XL. 

§ 199. For Polynomial or Compound Division, 

1. When the divisor is an abstract number, and the dividend a 
pdynomial. — Proceeding from left to right, divide each term of 
the polynomial, for the corresponding term of the quotient. 

2. V/hen a remainder occurs, reduce it to the next lower 
denomination, add it to the term in that denomination, if 
any, and divide the result for the quotient term in the same 
denomination. 

3. When the divisor and dividend are both polynomials. — Re- 
duce them both to monomials of the same denomination, and 
find the quotient in an abstract number. 

EXAMPLE. 

To divide 286je, 17 s. 6d. by 3; that is to find J of this 
polynomial. 

jC, s. d. 
3)285 17 5 

95 6 9 2iqr. 

Proceeding from left to right, we find 3 in 285, 95 times ; 3 
in 17, 5 times, with 2s, over; redilcing the 2s, to pence, and 
adding the 6d,, we have 29 d,; then 3 in 29, 9 times, with 2d, 
over; reducing the 2 d, to qr., we have 8 qr,; 3 in 8, gives 2}^. 

The quotient is thus found to be 95jG, 6 s, 9d, 2| qr. 

The operation evidently finds J of the given polynomial. 

EXERCISES. 

1. If 4 yards of cloth sell for 9j£, 17 5. 8d,, what is the 
price per yard 1 Ans. 2£, 9 s. 6 d, 

2. If 6 silver candlesticks weigh 10 Z6. 7 oz, IS dwt., what is 
the average weight of each } Ans. 2 lb. 1 oz. 11 J dwt. 

3. If 6 barrels of pork weigh 12 C2^^ 2 ^. 23 Z&., what is the 
average weight of each 1 Ans. 2 cwt, Oqr. 13i lb. 

4. If 7 acres of ground produce 150bu. 2pk. 1 qt. of wheat, 
what is the produce per acre ] Ans. 21 bu. 2pk, ^ qt. 

6. If 8 casks together contain 250 gal. 3qt. Ipt. of spirits, 
what are the average contents of each '\ Ans. 31 gaZ. \ciit»^\g;v. 
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6. If a person travel 300 m. 2/ttr. 25 p. in 9 days, at what 
rate will he travel per day] Ans. 33m. 2 fur. S8^p. 

7. A merchant has 10 pieces of cloth, of equal length, and 
together containing 575 yd. 2 qr. 3 na. What is the length of 
each piece? ' Ans, biyd. 2qr. ly^y na. 

8. A farmer having a tract of land containing 486 A. 2 JR. 
30 P., wishes to divide it into 12^elds of equal size. What 
quantity must there be in each field 1 Ans. 40 A. 2 JR. 9 J P. 

9. A cellar measuring 1570 cw. yd. IS cu. ft. was excavated 
by a man in 30 days. At what rate did he dig per day 1 

Ans. 62 cu. yd. 9f cu.ft. 

10. A manufacturer sold 13 pieces of cotton cloth, measuring 
in the aggregate 500 yd. ^qr. Required the average length of 
each piece. Ans. 3B yd. 2^ qr. 

When the divisor and dividend are both Polynomials. 

11. How many yards of silk at 7 s. 6rf. per yard may be 
purchased for 8 jS, 1 4 s. 10 £2.? 

The number of yards is the number of times that 7 s.6 rf. is 
contained in 3JC, 14s. \0d. 

Applying the 2d part of the Rule, we find, 

7 s. 6 (Z.=90 d. ; and £3, 14 s. 10 <Z.=898 d. ; 

90 d. is contained in 898 <?., 9.977' times. Ans. 9.977' yd. 

12. How many hundred weight of iron, at 19 s. Sd. per cwtJ 
may be bought for 20 JS, 16 s.l Ans. 21 .101' cwt. 

13. How many acres of ground can be sown with 75 6w. 1 
pk. of wheat, allowing 1 hu. Zpk. to an acre 1 An^. 43 A. 

14. In what time will a ship perform a voyage of 1000 L, 
2 m.y if she sail at the rat^^f 60 L. 1 m. per day ? 

Ans. 16.585' <ia. 

15. What number of carpets, each to contain 34 y^. 3^., 
can be made out of 2 pieces of carpeting, each measuring 60 
yd., and another piece measuring 49 yJ. 2 (^r.] 

Ans. 4.302' c«77?ete. 

16. A silversmith makes Qlh. Iqz. 4dwt. of silver into spoons 
weighing 3 02;. 6dwt., each, and sells the spoons at 3 s. 6d. 
apiece. What does he get for his spoons 1 Ans. 4j£, 4 s. 

17. A sugar planter makes 113 T. 9cwt. 2qr.of sugar, which 
is to be put into hogsheads that will contain, on an average, 
12 cwt. 2 qr. How many such hogsheads will be requisite 1 

Ans. 181.56 hJid. 

18. A traveler performed a journey of 975 m. 7/wr. The 
first 20 days he traveled 31 m. 2 fur. per day, and during the 
remainder of tiie journey 29 m. 5 fur. per day. How long was 
ha on the journey 1 Ans. 31.843' <ia. 
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DUODECIMALS, 

AND THEIR APPLICATION TO TSQITABE ANP CUBIC MEASCTRE. 

§ 199. Duodecimals are a kiifd of polynomial quantit^'es 
which result from supposing a linear ^ square, or cvhixi footy to 
be divided into 12 equal parts, each of tliese parts again into 
12 equal parts ; and so on, 

\2tlis Gf K foot are called ^nmes ; 
12/^5 of a prime are called seconds; 
12ths of a second are called thirds; and so on. 

Primes axe denoted by an index of one accent; thus, 3', 3 primes. 

Seconds are denoted by an index of two accents ; thus 4", 4 
seconds. 

Thirds are denoted by an index of three accents ; thus, 7'", 
7 thirds, &c., 

The polynomial 8/^ 2' 6" 7'", for example, is Sfeet,Jl primes, 
5 seconds, and 7 thirds. 

How many fourths make one third ? How many thirds make \ 
second ? How many seconds make one prime ? How many primes 
make 1 foot ? 

LineaVt Square, and Cvhic Inches expressed 
in Duodecimals. 

§ 200* In linear measure, it is plain that injch&s are primes 

Thus 3 ft. 4 in. is 3 ft. 4', 3 ft. and 4 primes, 

§ 201* In sqiuire measure, square inches are seconds. 

For 1 square inch is j{f of a square foot, since 144 sq. in.= 
1 sq.ft.; and jjj of a sq.ft, is 1" or -j^ of ^^ of a square foot. 

$ 202. In cvhic measure, cubic inches are thirds. 

For 1 cubic inch is jy^-g of a cubic foot, since 1728 cu. in.=l 
cu.fl.; and ji^-g of a cu.fl. is 1"' or -^ of ^^j of ■j'y of a cubic 
foot. 

In 7', linear measure, how many inches'? In 9"? In 5'1 In 11'? 
In 5', square measure, how many sq. inches 1 In Tl In 8' 3"\ Ir 
6', cubic measUfe, how many cu. inches ? In 4'? In T 2"? 
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Square and Ctdnc Measure — how found, 

$ 203* Square measure, or measure of surface, is found by 
multiplying together length and breadth. 

For example, 4tn. long and Zin, wide, makes (4X3) 12 
"sq, inches, 

$ 204. Cubic ineasure, or measure of solidity, is found by 
multiplying together length, breadth, and thickness. 

For example, 4 in, long, 3 in. wide, and 2 in. thick, makeg 
(4X3X2) 24 cti6ic incte. 

Product of ttvo Duodecimal Terms, 

§ 20*>* The product of any two terms in duodecimals, has 
for its index the sum of the indices of the two terms i—^a, term 
mfeet being understood to have wo index. 

For example, take 3//. in length, and 2' in breadth. 

Zft. X2'=Zft. Xi\fi'=j% sq.ft. (§ 203), =6' sq.ft. 
Again ; taking 3' in length, and 2" in breadth. 

3'X2"==A/^- Xihfi' ==tA¥ sq. ft. (§ 203), =6'" sq. ft. 

In t-hese examples, the products 6' and 6'" have their indices 
^' and '")*equal, respectively, to the sums of tJie indices of the 
two terms multiplied together. 

JRedtiction, Addition, ihc, of Duodecimals, 

^ 2O0. Reduction, Addition, &c., are performed in Duodeci- 
mals in the same manner as in other polynomials. 

We have here, however, a distinct case— that of multiplying 
one duodecimal polynomial by another — from the manner of 
performing it, sometimes called Cross MvUiplication, 

RULE XLI. 
§ 207. For Diu)decimal or Cross Multiplicatton, 

1. Multiply each term of the multiplicand, from right to left, 
ry each term of the multiplier, noting the denomination of 
each product term, by meaps of indices (§ 206), and setting 
similar terms one under another. 

2. When any product term (excepting ft.) is 12 or more, 
divide it by 12 ; set down the remainder, if any, and add the 
quotient to the product of the next term. 

3. Add up the similar product terms, as in polynomial addi- 
tion, for the entire product. » 
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EXAMPLE. 

To find the number of square feet in a plank 16^2. 8 in, lon^, 
and 2 ft. 6 in» wide. 

ft. 

16 8 

2 5 



6 11' 4" 

33 4' 

AOsq.ft.3' 4" 

Denoting inches or primes, by an index ', and multiplying, 
we have 8 X5'=40", the product 40 having an index equal 
to the sum of the indices of the two terms 8' and 6', (§ 205.) 

Dividing the 40" by 12, since 12" make 1', we get 3' and 
4". We set the 4" towards the right ; and then multiplying 
the 16//,, we find 16^.X5'=80'; adding the 3', we have 83^ 
dividing by 12, we get 6ft. and 11', which we set in the places 
of /^ and primes, respectively. 

Next, 8'X2ft. =ie'=lft. 4'; setting the 4' under 11', and 
adding the 1ft. to 16//. X2^., we find ZZft. 

The two rows of products are added together, for the entire 
product. We thus find 40 sq.ft. 3' 4". And sin^e, in square 
measure, seconds are square indies, (§ 201), by reducing the 
3' to seconds, 

we find 3'X 12+4"=40" or 40 sq. in. 

Without employing duodecimals, — 

16 ft. Sin.=l6j\ft., and 2ft. 6 in. =z2f^ft.; 
then 16 j%X2^Tg=40fy sq. ft. =^40 sq.ft. and 40 sq. inches. 

Or, 16yi. 8 in. =16.666' ft., and 2ft. 5 in, =2.416*^.; 

then 16.666' X2.416'=40.266056'«9./(. =40 s<?.y?. 38.168' «/. 
in.; the number of square inches falling a little below the true 
number 40, by reason of the imperfect decimals .666' and .416'. 

If the 16/1. 8 in., and 2 ft. .6 in. were reduced to inches, and 
then multiplied together, we should find the product in square 
inches, which, divided by 144, would be reduced to square feet. 

' The measure of a surface, as expressed in sq.in.,sq.ft.,&^., 
is called its area. Thus the area of the plank in the preceding 
example, is 40 sq, ft, 3' 4", or 40 sq.ft. 40 sq. in. 
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EXEBGISES. 

1. How many square feet are there in a pavement 30^. 10 tn, 
long, and ^ft. 6 in. wide 1 Ans, 228 sq, ft, S' 2". 

2. Hew many square feet of plank will make a close fence 
80ft,Bin. long, and 6^1^. 4in. hiffhl Ans, blOsq.ft, 10' 8". 

3. How many square feet, and also how many square yards 
are in a ceiling 18j^. 5 in. long, and 12//. 10 in. wide ? 

Ans. 236 sq.ft. 50 sq. i7}.=26 sq. yd. 2ft. 50 in. 

4. How many square yards are contained in a floor which 
measures 25//. in length, and IQft. 7 in, in breadth ? 

Ans. 46 sq. yd. 84 sq. in. 

5. How many square yards of plastering would be required 
for one side of a wall which is 60ft. 6 in. in length) and 20 ft. 
4 in, in height ? Ans. 1145^. yd. 120 s^. in. 

6. Required tlie number of cubic feet in a piece of timber 9 
ft. 10 in. long, Zft. 4 in. wide, and 2 ft. 6 in. thick. 

MuLiijAying the length and hreadih together, we get the product 
32sq.ft,d'4'\ 

Multiplying this product by the thickness, we get the product 
Bleu. ft. 11' ^4" for the solidity. 

Since, in cubic measure, thirds are cubic inches, by reducing 
the 11' 4" to thirds, ll'X 12+4"=136", and 136" X 12= 
1632"'=1632cw. in. 

Without employing duodecimals, the given dimensions might 
be taken in feet ani^ fractions of a foot. Or the dimensions 
might all be reduced to inches, and the final product divided by 
1728, since 1728 cu. in. make 1 cu.ft. 

7* How many cubic feet are there in a hewn log 22^11. 8 in. 
long, 1ft. 10 in. wide, and 1^. 2 in. thick? 

Atw. 48(rM./:. 5'9"4"'. 

8. How many cubic feet are there in a piece of scantling 
l&ft. long, Iji. 2 in, wide, and 8 inches thick ? 

Ans. II cu.ft. 8'. 

9. How many cubic feet were dug from a cellar which meas- 
ures 42 y?. 10 in. long, 12 /f. 6 in. wide, and 8 feet deep 1 How 
many cubic yards 1 

Ans. 4283 cu.ft. 4^=168 cu. yd. 17 cu.ft. 4'. 

10. It is required to find how many cubic yards of earth 
were excavated from a ditch which measures lOOyif. in length, 
4^. 8 in, in breadth, and Sft. in depth. 

Ans. 51 cu. yd. 2Z cu.ft. 
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EXERCISES ON CHAPTER VIII. 

1. A farmer sold at one time 2^cwl., at^Dother 3J^., and 
at another 18 J cwt. of hemp. Find the entire quantity that 
he sold, in cwL Arts. 21 J cwt. 

2. A grocer bought, at different times, Z^cwt., 2^qr. and 49 
Ih, of soap ; of which he has sold 2 cwt, 1 qr. Find the quan- 
tity remaining, in S>. Ans. 218| lb. 

3. A merchant had 3 pieces of cloth, containing each 2^ yd, 
S^r.; of which he has sold, to different persons, 6 J^y^i., ^\qr.y 
and \Qyd. l^^r. Find the remainder in yd. Arts, 12^ yd. 

4. A brewer bought of A 13&«. 3j5/c., of B 6j&w., and of 
C Whu, IpJc. Hqt. of barley. Having consumed 9^hu., 3 J 
phf and 6| bu., how many bu. has he on hand 1 Ans. 14f f bu, 

6. How many yards of cloth, at 30 s. per yard, may be pur- 
chased for 9£ ; and what quantity of iron, at 6j£ per ton, may 
be purchased for 40 5.] Ans, 6 yd.; and J of a ton. 

6. How many days will a ship be in sailing 750 i., at the 
rate of 10 J miles per hour ; and to what part of a common 
year will the time required be equivalent ? 

Ans.S\^da,; jJlyof ay- 

7. A wine merchant has in one cask 14 gal. Sqt., and in two 
others each QOgdl. 2qt. Ipt,, of wine. What quantity has he 
altogether] Ans, 196 gal, 

8. A traveler who set out on a journey of 600 m. 6 fur,, pro- 
ceeded for IS days at the rate of 34?/i. 2 fur, 20 rd, per day. 
What distance remained to be traveled 1 Ans. 188 m. Ifur, 

9. A merchant had 6 pieces of cotton, containing 33 yd. 3 
qr. each ; which he sold in equal portions to ten customers. 
What quantity was bought by each customer ] 

Ans. 16 yd, ^^qr, 

10. A planter has a tract of land containing 1260 A. 3R, 
25 P,, and ail adjoining one containing 2400 A. 1 jR. 39 P, If 
the whole be divided into 10 plantations, what will be the 
average size of each 1 Ans. 365 A. 12. 22f P, 

11. A stage coach is running at the rate (Kim, 3 fur, 30 
rd. per hour. How long will it be in running 76 m. Ifiir.1 

Ans, 10.158' Ar. 

12. An agriculturist raised 500 Jw. ^pk, 4qt, of oats from 
one field, and he found the produce to be at the rate of 29 bu, 
\pk, 1 qt. per acre. How mpiny acres did the field contain 1 

Ans. 17.105' A. 

13. From a tract of land containing 660 A. 2 JR. 20 P., a 
farmer sold to one of his neighbors 7 A. 3 JR., and to anothei 
100 A. 25 P. What part of the tract did he sell to each ? 

Ans. .0138'; and .178'. 
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14. How many yards of carpeting, one yard in width, will 
be required to cover the floor of a room measuring 19yi[. 6 in. 
long, and 10/^ 6 irt. wide ? Ans. 22.652' yi. 

16. How many cords of wood are there in a pile which is 
* 9 ft. 10 in. in length, 4ft. in breadth, and 3 ft. 11 in. in height, 
— ihere being 128 cubic feet in a cord ] Ans. 2.427' cords. 

16. How many cords of wood in five loads each Sft. 10 in 
in length, 3 ft. €in. wide, and Zft. 4 in. high ] 

Ans. 4.025' cords. 

17. How many square yar^s of painting on the walls of a 
room measuring 11/^ in height, and 62 ft. 6 in. in compass,— 
deducting four Windows each 1ft. by 6 ft. 2 in.^ 

Ans. 48.092' sq. yd. 

18. Bought a load of wood which measured ^ft. 4 in., 3 ft. 
3 in., and 2ft. 10 in.; another measuring Ift., 3ft. 11 in., and 
Sft. ; and another measuring Sft., 4ft., and 3ft. Required the 
number of cords purchased. Ans. 1.849' cords 



REMARKS. 

The last two Chapters, it may be remarked, contain but little more 
than an application of the essential principles of Arithmetic, to the vari- 
ous arhitrary measures of quantities which have been established in the 
commerce of society. 

Facility of operation on such quantities will depend very much on a 
familiarity with the Tables of Weights and Measures — of which, with 
the several Rules in these Chapters, the student should be master, before 
he is permitted to advance. 
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CHAPTER IX. 

ALIQUOT PARTS — ^ANALYSIS — CANCELLATION — EATIO — PROPOR- 
TION. 

ALIQUOT PARTS. 

§ 30S* An aliquot part of a quantity is an exact half, ihirdy 
or fourth, and so on, of the quantity. 

Thus 10 5. is an aliquot part of l£, being ^ of l£. 

What aliquot part is 6 gr. of 1 dwlA 6 dwt, of I oz.? Of 2 or.? 

What aliquot part is X lb, of 1 qrn 2qr. of I ewt. 1 Of 3 cwt.l 

What aliquot part is 2 qt. of 1 gaU 1 qt of I pk.l Of 2pk.1 

What aliquot part is 8 rd. of l^r.1 2ywr. of 1 m.l Of 4 m.? 

What aliquot part is 10 P. of 1 22.7 2 12. of 1 A.1 Of 5 ^.1 

tt is often convenient to regard the lower orders of units in 
a pdynomial mvltiplier, as aliquot parts of one or more higher 
units. 

ANALYSIS. 

$ SM>9« Analysis, in Arithmetic, consists in determining 
the operations to be performed in the solution of questions, 
without the aid of special Rules. 

EXAMPLE 

Of Analysis hy Aliquot Parts. 

To find the value of 2 K>. 6 oz. 12 dwt. of silver ware, at 
$45.12i perZ2>. 

We first find the value of 2 U)., by muUiplymg, arid Oven of boz 
12 dwt, by taking aliquot parts, asfolows : 

$45,126 



The value of 2 K>. is 90.260, twice the value of 1 Z&. 
« « of 4oz. is 15.0416, iof " " of 1Z&. 
« " of 1 oz, is 3.7604, J of " " of 4oz. 
« " of 10 dwt. is 1.8802, I of « " of loaf. 
« « of 2 dwt. is .3760, i of " « of 10 dwt. 

$111.3082, value of the whole. 
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The valaes of the several parts, 2lb.,Aoz., I oz., lOdwt, 2 
dwt. added together, mal^e the value of the whole quantity 2 lb, 
6 az, 12 dwt. 

Tor convenience in dividing^ the aliquot parts should be 
apportioned, when practicable, so that no divisor, exclusive of 
Os fuinexed, shall exceed 12. 

EXERCISES 

In Analysis hy Aliquot Farts. 

1. Find the value of 3 n>. 4 oz, 17 dwt^ of jewelry, at $60.50 
per2&. 

After muUiplying the given price hy 3, aliqaot parts may he taken 
thus : 407. is } of 1 26., \Qdwt, is ^ of 4 02., bdwi, is ^ of 10 

dwt,y and 2<2t&^ is \ of 10 dwt. Ans, $171,909'. 

• 

2. Find the sum that should be paid for 3 T. 10 cwt. 3 qr. of 
iron, at $30.37^ per ton. Ans, $107.45'. 

8. Find the sum that should be paid for 13 cwt, 2 qr, 16 lb, of 
soap, at $3.62^ per cwt. Ans, $49,422'. 

4. A farmer sold 125 ^. 3^. 1 qt, of wheat, at $0.87^ p&r 
bushel. What did the whole amount to ? Ans, $110,058'. 

5. A market man sold 3pk, ^qt,of cherries, at $0.18}. pei 
peck. What did his cherries amount to ? Ans, $0,632'. 

6. A merchant sold l5^cif. Zqr, 3 7ia. of silk, at $1.37^ per 
yard, and 6yd, 2 qr, of lace, at $2.50 per yard. What did the 
whole amount to ? ^ Ans. $35,661'. 

7. Find what would be the amount of profit or loss on 139 
yd. 2\ qr, of cloth, if purchased at $5 a yard, and sold at the 
rate of $1,56^ per ^r. Ans. $174,531' pitofit. 

8. A townsman bought a lot of ground containing 3 A. 2 JR. 
25 P., at $75 per acre. What did he pay for the lot 1 

Atw. $274,218'. 

9. Find what would be the expense of putting up \60 rd, 4 
yd. of fencing, at $^50 per rod, and 230 ra. 2\yd, of another 
kind at the rate of ^2\cts. per rod. Ans, $219,397 . 

10. A speculator purchased 15 A, 2 R, 30 P. of land, at $5 
per acre, which he divided. into town lots, and sold at the rate 
of $20 per rood or quarter acre. What did he gain .by the 
speculation? Atw. $1176.563'. 
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•cancellation. 

§ 210. Cancellation, in Arithmetic, consists in vefecling 
equal factors from a dividend and its divisor; — ^which is equiv- 
alent to dividing the dividend and divisor by the same number 
(§ 69), and therefore does not alter the required quotient. (§ 57). 

$ 211, In the Analysis of questions, the given numbers may 
often be put as factors in a dividend and divisor, and cancellation 
then applied. 

EXAMPLE 

Of Analysis and Cancellation, 

Allowing 3 of a yard of cloth to cost $10, what will f of a 
yard cost at the same rate ? 

Analysis, Since 3 fourths of a yd, costs $10, 



1 fourth of a yd, will cost i of $10, which is -« 

, $10X4 
and 1 yd. will cost 4 times as much as iyd., — q — . 

$10X4 
Again ; f yd, will cost j- bb much as 1 yd, will, q a -, 

$10X4X5 
and fyd, will cost 5 times as much as f yd., — ^tTo — • 

Cancellation. Dividing the numerator and denominator, in 
other words, the dividend and divisor, both by 4, we have •j Jgf; 

$5X5 $25 
dividing these again by 2, we have ~~^= ~3==$8j^. 

If the factors of the dividend be set, one under another, on 
the right of a line, and those of the divisor on the left, the sign 
of multiplication may be omitted. In canceling, the rejected 
factors may be crossed, and those to be substituted set respec- 
tively right and left. 

By this method the result of the preceding Analysis and 
Cancellation, will be presented thus : 

^0 5 



3 

1 4 $ 



4 1 

6 Eesult «f«=«i. 



Canceling 4 and 8, we substitute 1 and 2 ; canceling 2 and 
10, we substitute 1 and 5. The factor 1 is omitted in 
multiplying. 

But observe thatT wlien each factor of the dividend becomes 1, 
the 1 must be retained as the numerator of a fraction, 
11 
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EXERCISES 

In Analysis and Cancellation. 

1. Aflowing J of a yard of cloth to cost $6, what should be 
paid for i: of a yard at the same rate 1 Ans. $2^. 

2. If 5 men can accomplish a certain work in 20.5 days, 
in what time ought 25 men to perform 3.5 times as much 
work] Atw. 14.35 days. 

3. What should be paid for f of a ton of hay, when 2^: tons 
of the same amount to $18 ? Ans. $3.00. 

4. Allowing a person to walk } of a mile in 12 minutes, what 
distance would he walk in 40 minutes 1 Ans. 2{i miles. 

5. If i of j of an acre of ground be worth $16, what is the 
value of 2^ acres at the same rate ? Ans. $106}. 

6. A teamster hauled 25 cwt. of iron 30.5 miles for a certain 
sum of money. How far then ought he to haul 6.5 cwt. for the 
same sum 1 A/w. 117.307 miles, 

7. How long ought 20 men to subsist on a stock of provis- 
ions which would suffice 18 men for 300 days 1 

Am. 270 days. 

8. A person who owned ^ of a merchant ship, sold | of hia 
share for $400 ; what was the whole ship worth at tiiat rate 1 

Ans. $4000. 

9. Allowing a person to perform f of a certain work in f of 
a day, in what time ought he to perform the entire work 1 

Ans. /j day. 

10. The distance from A to B, which is 40 miles, is | of 
the distance from B to C : how far then is it from B to C ] 

Ans. 50 miles. 

11. If I of f of a yard of cloth be worth $1.25, what is ^ 
of f of a yard worth, at the same ra|e 1 Ans. $2,083'. 

12. A contributed towards J)uilding a church $200, which 
was } of the sum contributed by B, who gave f as much as C. 
What was the amount of C's contribution I Atw. $571^. 

13. If 4.5 cords of wood sell for $13.5, what should be given 
for 5 loads, each containing 1.25 cords] Ans. $18.76. 

14. Allowing 3 bushels of wheat to be worth as much as 
6^ bushels of corn, how many bushels of corn are equal in 
value to 12^ bushels of wheat 1 Ans. 26^^ bu. 

15. A has f as much money as B, and J as much as C, who 
has f as much as D, and he has $1800. What sums are owned 
by A, B, and C, respectively 1 

Ans. A, $1200; B, $1600; C,$1500. 
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RATIO. 

§ 312. The Ratio of one number or quantity, called the 
gntecedent, to another of the same kind, called the consequent, is 
the quotient of the former divided hy the latter. 

Thus the ratio of 15 to 5 is 3, since 15 contains 5, 3 times ; 
and the ratio of 4 to 9 is }, since 4 is } of 9. 

In these examples 15 and 4 are the antecedents; 5 and 9 the 
consequents. 

The antecedent and consequent together are called the terms 
of the ratio. 

What is the ratio of 12 to 3? Which is the antecedent, and which 
the consequent? Of 3 to 12 1 Of 20 to 4 ? Of 5 to 30 '^ 

What is the ratio of 10 miles to 5 miles 1 Of 3 yards to 6 yards 1 
Of 6 houis to 13 hours 1 Of 25 pounds to 8 pounds T Of 9 s. to 20 8.1 

Ratio of Monomials and Polynomials. 

$ 213. To find the ratio between two quantities, the ante- 
cedent and consequent must be in the sams denomination. 

Thus the ratio of 2 ft. to byd. is the ratio of 2 ft. to Ibft. 

What is the ratio of 3 in. to 2^.1 Of 4 yd. to 6 /3f.7 Of 2 hr. to 1 da.l 
Of 10». to2jB. 10«.1 Of5w.to3L.3m.'? Ofl 4. 2 J2. to 5 ^. 4 12.1 

Two quantities of different kinds, that is, such that one can 
form no part of the other, have no ratio to each oilier; as 2 ft. 
and 5 hours. 

Sign of Ratio. 

§ 214 • A colon (:) placed between two numbers, signifies 
that the numbers are taken as the antecedent and consequent of 
a ratio. 

Thus 3 : 5 signifies the ratio of 3 to 5. 

Ratio is also expressed by making the antecedent the numer- 
ator, and the consequent the denominator, of a fraction ; llius 
3 : 5 is |. 

What fraction expresses the ratio of 3 to 13 1 Of 25 to 17? Of 4 
to 19 ? O*" 21 to 7 1 Of 3 quarters to 7 yd. 3 qr.1 

What fraction expresses the ratio of 5 to 17 1 Of 4 to 19 1 Of 5 to 
25 *» Of 7 to 100 ' Of 6 bugheh to 7 bu. 3pk. 
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Direct mid Inverse Ratio, 

§ 315. The direct ratio of the first of two quantities to 
the second, is the quotient of the first divided by the second. 

The inverse ratio of the first to the second, is the same as 
the direct ratio of the second to the first. 

For example, the direct ratio of 6 to 3 is J=2 ; the inverse 
ratio of 6 to 3 is the direct ratio 3 to 6=f =J. 

. What is the direct ratio of 8 to 2? Of 3 to 151 * Of 10 to 4? 
What is the inverse ratio of 9 to 3? Of5to201 Of21to7i 
What is the inverse ratio of 4 to 161 Of 25 to 5 ? Of 9 to 90 1 

Ratio of Reciprocals. 

$ 3 16* The inverse ratio of \\ie first of two quantities to the 
second, is equal to the direct ratio of the reciproccUs of those 
quantities. 

Thus, the inverse ratio of 6 to 3 is f =J ; 
and the direct ratio of the reciprocals i and | is^H-j^=}=i* 

The inverse ratio of 4 to 2 equals the direct ratio of what fractional 
Of 3 to 5 1 Of 4 to 9 1 Of I to J 1 Of | to f 1 Of f to 10 1 

The inverse ratio of 3 to 8 equals the direct ratio of what fractioifl 1 
Of5to71 Ofllto41 Ofito^l Offto/y1 Of J to ^ 1 

Hence inverse is sometimes called reciprocal ratio. The term 
ratio, when used alone, always means direct ratio. 

Ratio of Fractions having a Common Term. 

§ 21*y. The ratio of two fractions having a common denomi" 
nator, is the^ame as the ratio of their numerators; and 

The ratio of two fractions having a common numerator, is the 
same as the inverse ratio of their denominators. 

Thus, the ratio of ^^ to ■^=:j^-j-j«^=|=2, which is the ratio 
of the numerators 4 and 2. 

And the ratio of | to ^=f -^^5== y =2, which is the inverse 
ratio of the denominators 8 and 16. 

' The ratio of } to J is equal to the ratio of what integral numbers 1 
Of if to /y1 Of ^ to ff 1 Of |» to if? Of f J to f J1 
The ratio of f to ^9^ is equal to the ratio o'f what integral numbers l 

Of|to/j1 ofy^to^i Of ji toll? Of|yto|jt 
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proportion:. 

^ 318* Profobtion consists in an equality of ratios. 

Four quarUities are in proportion, when ihe first has the same 
ratio to the second, that the third has to the/our^. 

Thus, the numbers 6, 3, 8, 4, are in proportion; since the 
. ratio of 6 to 3 is f =2, and the ratio of 8 to 4 is |=2, 

The first and third terms, 6 and 8, are the antecedents of the 
ratios ; the second and fourth are the consequents, . 

Theirs/ and fourth terms are called the two extremes; the 
second and third, the two means. 

The fourth term is called a fourth proportioned to the other 
^three taken in order ; thus, 4 is a fourth proportional to 6, 3> 
and 8. 

What is the fourth proportional to 9, 3, and 12 ; that is, the numbei 
to which 12 has the same ratio that 9 has to 3? % 

Which are the nniecedentSf and which the consequents ? Which are 
the extremes, and which the means 1 

What is the 4th proportional to 1 6, 4, and 20 ? To 4, 8, and 1 ? 
To 3, 6, and 81 To 4, 12, and 10 ? To 5, 20, and 12 ? 

To 2,1, and 101 To 2, J, and 4? To ^, l,and2i? 

Direct and Inverse Proportion, 

^ 219* A direct proportion consists in an equality between 
two direct ratios. An inverse or reciprocal proportion consists 
in an equality between a direct and an inverse ratio. (§ 216). 

Thus, the numbers 6, 3, 8, 4, are in direct proportion, since 
the direct ratio | of 6 to 3 is equal to the direct ratio | of 8 
to 4. % 

The same numbers, in the order 6, 3, 4, 8, are in inverse 
proportion, since the direct ratio } of 6 to 3 is equal to the 
inverse ratio } of 4 to 8. 

What is the inverse fourth proportional to 12, 6, aiid 8 ; that is, the 
number to which 8 has the inverse ratio of 1 2 to 6 1 

What is the inverse fourth proportional to 8, 2, and 3 ? To 3, 9, and 
151 To 4, 20, and 30 1 To 24, 3, and 4 1 

The term proportion, used alone, always means direct 
proportion. 
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Variation or General Frqporhon, 

§ 220. Variation expresses the dependence of one term or 
quantity on another, according to some constant ratio, what- 
ever new value either of the terms may assume. 

One term varies directly as another, when both iricrease or 
decrease together in the same ratio. 

Thus the valve of a particular commodity varies direcUy as 
the quantity, since the value will be multiplied by 2, or 3, &c., 
if the quantity be multiplied by the same number. More briefly, 
we say, the value is directly as the quantity ; or, the value is as 
the quantity. 

One tertfl varies inversely as another, when one of them in- 
creases in the same ratio in which the other decreases. 

Thus the time required for a laborer to earn a given sum, 
varies inversely as his rate of wages, since the time will be mvl- 
ttplied by 2, or 3, &c., if his rate of wages be divided by the 
same number. More briefly, we say, the time is inversely as 
his rate of wages. 

Say whethe^he two italicised terms would vary directly, or 
inversely, with each other, in each of the following instances : 

1. The value and the quantity of a piece of cloth? — The time, and 
the number of men required for a given amount of labor 1 

2^ The weight and the number of gallons of water ? — -"The number 
of men and the amount of provisions that will serve them for a given 
period of time 1 

3. The weight of an article and the diatance it may be carried for a 
given sum of money 1 — The length and the breadth of a garden to con 
tain a given area 1 

4. The weight of the five-cent loaf of bread and the price of flour 1 — 
A sum of«noney and the number of laborers that may be hired with it 
for a given time 1 #t 

Variation is sometimes called General Proportion: being, 
indeed, an abridgement of a proportion containing four terms 
without respect to any particular values of those terms. 

Thus when we say that the weight of water is as the num- 
ber of gallons, it is understood that. 

The iveight of any number of gallons is to the weight of any 
other number of gallons, as the ^rst of those numbers is to the 
second. 
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Sign of Proportion. 

$ 321. A Proportion is denoted by a dovble colon (: :), or the 
gign =i equxd t^ between the two ratios of the proportion. 

Thus 6 : 3 : : 8 : 4 

or 6 : 3= 8 : 4 denotes 

that 6, 3> 8 and 4 are in proportion; and is read^ 6 is to Z as S 
is to 4, 

The two ratios of a proportion may also be expressed frac- 
tumdUyt and the first be put equal to the second. 

Thus 1=} denotes that the ratio 6 to 3 is equal to the ratio 
of 8 to 4, or that 6istoZasSisto4. 

No fiign has hitherto been adopted by Mathematicians for 
inverse proportion. We shall employ the si^n =^ between the 
two ratios of such proportion. 

Thus 6 : 3=#r4 : 8 denotes that 6, 3, 4, and 8, are in inverse 
proportion ; and must be read, 6 is to 3 inversdy as A is to 8. 

Inverse Converted into Direct Proportion, 

§ 222« An iifverse is converted into a direct proportion by 
interchanging either antecedent and its consequent, that is, by 
taking the antecedent and its consequent the one for the other. 

Thus 6 : 3=?fc4 : 8 is an inverse proportion. By interchanging 
6 and 3, we have 3 : 6=4 : 8, which is a' direct proportion. 

An inverse may also be converted into a direct proportion, by 
substituting, for either antecedent and its consequent, the 
reciprocals of those terms. 

Thus the inverse proportion 6 : 3=^4 : 8 is converted into 
the direct proportion J : ^=4 ; 8, by substituting the recipro- 
cals of 6 and 3. (§ 216). 

Product of the Extremes = that of the Mean^, 

§ 223* In every direct proportion, the product of the two 
extremes is equal to the product of the two means. 

In the proportion 3 : 6=4 : 8, we have two equdt ratios J 
and I ; and if these ratios be reduced to a common denominator y 
the resulting numerators must be equal. One of these numer- 
ators, 3X8, is the product of the two extremes, and the other 
6X4, of the two means. 

In an inverse proportion, the product of the two antecedents 
is equal to that of the two consequents. 

By interchanging 3 and 6 in the preceding proportion, we 
haie the inv&i^se proportion 6 : 3=/=4 : 8 ; •and 6X4=3X8. 
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Fourth Proportioned — how found. 

RULE XLII. 

% ^94. Tofixd a FOURTH PROPORTIONAL to three given terms. 

1. Multiply the second and third together, and divide the 
product by tlie first term ; the quotient will be the fourth term, 
in direct proportion. 

2. An inverse fourth proportional may be found by interchang- 
ing the first and second terms, (§ 222), and then proceeding as 
above. V 

3. The frst and second terms must be used in the same 
denominationy 

4. When the third term is a polynomialf it will generally 
be most convenient to reduce it to a monomiai, or single 
denomination. 

5. The fourth term will be found in the same kind of quantity 
and in the same denominationi with the third tgrm. 

EXAMPLE. 

To find a fourth proportional to 3 yd,, 5 yd. 2 qr., and 2j£. 10 s. 

Reducing the 1st and 2d terms to the same denomination, we 
find 3 yd, =12 qr, and 6 yd. 2 qr, =22 qr. 

Reducing the third ternKto a single denomination, we find 
2£, 10 s, =60 s. 

Multiplying the 2d and 3d terms together, and dividing by 
the 1st term, we have 

60s, X224-12=1100 5. -M2=91s. Sd,=:4£, Us,Sd 

The proportion is, 

Syd, : 6yd. 2qr.:: 2£, 10 s, : 4£. 11 s. Sd, 

(Xj^ The product of the second and third terms, is equal to the product 
of t lie first and fourth ,• (§ 223) ; and the product of the^r«/ sxkd fourth 
divided by the first term, gives the fourth term. (§ 66). 

The first and second terms must be used in the same denomtnalton, 
to be in the proper ratio to each other, in multiplying and dividing. 

(§213). 

The third term, multiplied and divided, produces the fourth term in the 
same denomination. Thus, in the example, 50 «. X22 produces 1 100 «.* 
and this, divided by 12, gives ^ of 1 100 *. =91 a. 8 d,J^ 
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EXERCISES. 

Find the fourth term in each of the following proportions. 

1. 4yd, : T yd. 2qr.:: $26 : 4th term, . . Ans. $48.75. 
a. Zoz, :4&, 16 dwt.=:: $4: 4th term, , . Ans, $65. 

3. 6 men : 12 men =I=^IS days :4th term. . . Ans. 7^ days. 

4. lO&tf. : 20&U. 3;>^. : : $15 : 4^ form. . Ans. $31|. 

5. 9 days : 4^ (iays =1^5 bu, Ipk. : 4th term. Ami, 10 Im, 2pk, 

6. $15 : $2.25=3 A. 10 P. : 4th term. Ans. 1.8376 JR. 

A-P PLICATION or PEOPOETION. 

§ 225* The applications of Proportion are very numerous. 
It is involved in every multiplication and division of numbers. 

For, a unit : the multiplier : : the multiplicand : the product ; 
and|the(2ivi5or : a unit : : the dividend : the quotient. 

In practical questions in Proportion, we shall always have 
given a term of supposition and a like term of demand^ with a 
third term dependent on the term of supposition, and in ratio to 
the anstoer required, directly or inversely as the term of sup- 
position is to that of demand. 

These several particulars will be exemplified under 

RULE XLIII. 
§ *lft^. For solving questions by Proportion. 

1. Make the term of supposition the Jirst term, the like term 
of demand the second term, and the depcTident term the third term. 

2. Consider whether the answer required would vary directly 
or inversely with the term of demand^ and find it, accordingly, 
as a direct or inverse fourth proportional, 

EXAMPLES. 

1. If 3 yards of cloth cost $19, what will 15 yards cost 1 

The term of supposition is 3 yards, and the like term of demand 
is 15 yards ; while $19 is Ihe dependent term, since this term 
depends for its value on the 3 yards. 

l*he Proportion is, 3 yd. : 16 yd. : : $19 : the cost of 16 yd, 

The required cost of 15 yd, would vary directly with the 15 
yd.y since these two terras would both increase or decrease to- 
gether in the same ratio (§ 220). 

The proportion is therefore direct; and the fourth propor^ 
iional- is 

$19Xl5-J-3=$285-T-3=$96, (§224). 

Ans. $95. 
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2r Allowing 6 men to perform a certain work in 30 days, in 
what time ought 13 men lo perform the same work 1 

The term of supposition is 6 men, and the like term of demand 
w 13 men : while the 30 days is dependent on the 6 men. 

The Proportion is, 6 men : 13 men^dO days : the ttme 
required. 

The time required for 13 men would vary inversely with the 
13 men, since one of these two terms would increase in the 
same ratio in which the other would decreizse. 

The proportion is therefore inverse : and the inverse fourth 
proportional is 

^ 30 daysX6-^13=180 ia.-^13=13| J days, (§ 224—2). 

Ans. 13|^ days. 

Inverse Proportion' Discarded, 

The preceding Rule recognizes inverse proportion; and this 
idnd of proportion is employed in many of the higher applica- 
tions of the subject. The following Rule will arrange the 
terms always in a direct proportion, and is the one now most 
commonly employed in Arithmetic. 

RULE XLIV. 
§ 227* For solving questions by Direct Proportion* 

1. Make the term which is of the same kind with the re 
quired fourth term, or answer, the thirds term, 

2. If the nature of the question requires the answer to bi 
greater than the 3d term, make the greater of the two remain* 
ing terms the second term, — otherwise, make the less of those 
terms the 2d term : the term still remaining will be the first 
term. 

3. Find the direct fourth proportidnaJ for the answer. 

E X A M F C E . 

If 6 men perform a certain work in 30 days, in what time 
ought 13 men to perform the same work 1 

30 days is the term of the same kind with the answer, and the 
answer wHl he less than 30 da., since 13 men would require less 
time than 6 men. Hence the direct proportion will be 

13 men : 6m£n : : 30 da. : the time required,- 
The fourth proportional, or Ans. is 30(2a.X6-7-13=13f| 



PROPORTION. 171 

EXERCISES. 

The following questions may be put into proportions, or may 
be solved ancdyticaUy (§ 209). Cancellation may be employed 
^ in many of them, to abbreviate the operations of multiplying 
and dividing (§ 210 and-211). 

If the last Rule be preferred, it is recommended that the 
student be required to express, in general terms, the lind of 
proportion naturally involved in the question ; as under Ex. 1 
and 2. 

1. If 9 acres of land sell for $230.62^, what should 5 acres 
bring at the same rate ? 

The valve of the land is directly as the quantity. 

Ans. $128,125. 

2. If 1.5 T. of iron be hauled 40 miles for a given sum, how 
far ought 3 T. to be hauled for the same sum 1 

The distance is inversely as the weight to be hauled. 

Ans. 20 miles. 

3. What will 14 pounds of tea amount to, when 6 pounds of 
the same kind cost $7.50 1 Ans. $17.6. 

4. What quantity of cloth may be bought for $73.75, when 
4.25 yards of the same kind cost $12.75 1 Ans. 24 683' yd. 

5. If 7 masons can biiild a house in 28 days, in what time 
ought 17 masons to build the house 1 Ans. 11/,^ days. 

6. If 36 pounds of coffee cost $6, how many pounds of the 
same sort may be purchased for $100.26 1 Ans. 701.75 lb. 

7. If a man travels at the rate of 100 miles in 3 days, how 
many miles ought he to travel in 13^ days 1 Ans. 450 miles. 

8. If a quantity of bread will suffice 100 men for 29 days, 
how long ought it to suffice 84 men 1 Ans. 34^1 days. 

9. If 5 yards of silk cost $6.25, what should be paid for 12 
yd. Zqr. of silk, at the same rate "J An^. $16,937'. 

10. Allowing 4 horses to- consume IZhu. 3pk. of oats in a 
week, how much would 9 horses require for a week 1 

Ans. 30.937' bu. 

11. Allowing the transportation of 10 cwt., 100 miles, to cost 
$25, what should be paid for the transportation of 33 cwt. 2 qr. 
the same distance 1 Ans. $83.76. 

12. Allowing a person, by traveling 10 hours a day, to per- 
form a journey in 31 days ; in how many days ought he to 
perform the same journey, if he travel 13 hours a day 1 

Ans. 23f^ days. 

13. What sum should be paid for | of a yard of cloth, when 
9 yd. of the same kind cost $64 1 Ans. $4 J. 

14. If 7 men can do a certain work in f of a day, in' what 
Hme ought 9 men to do the same work 1 Ans. ^ of a da^ 
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15. U I7bu. of salt cost $8.50, what should be paid for 20 hu 
Zpk. of salt at the same rate? Ans, $10,375. 

16. If 6cwL of goods be carried 100 miles for a given sum, 
how far ought 20 cwL 1 qr, to be carried for the same sum 1 

Ans. 24ff miles. 

17. If 10 head of cattle require 20 A. 2 ii. of pasture ground, 
for a summer, how many acres ought 25 head to have, for the 
same length of time ? Ans. 61 A. I R. 

18. Allowing the transportation of 15 T., a given distance, to 
cost $25^, what should be charged for the transportation of 3^ 
T. the same distance ? Ans. $5,525. 

19. If a ship sail 194 Zr. in 5^ days, in how many days would 
she sail 3000 miles, at the same rate 1 Ans. 28|f days. 

20. An army of 5000 men had provisions for 3 months. One- 
eighth of the men having been killed in battle, how long ought 
the same provisions to last the remainder I 

Ans. 3f months. 

21. If f of a cwt. of iron cost $16, what will { of a cwt. cost 
at the same rate ? Ans. $18,661. 

22. What should be paid for f of a yd. of crape, when ^yd, 
of the same kind costs $1.75 1 Ans. $2.1875. 

23. What should be paid for 15^ gal, wine, when 3 quarts of 
the same sell for $0.56^ ? Ans. $11,625. 

24. If IJA. of land sell for $34.50, what will 20 A. 2 JR. 10 
P. amount to, at the same rate 1 A7is. $567,525. 

25. A cistern is filled with water, by ^ pipes, in 3 hr. 25 m. 
In what time would it be filled by 5 pipes of like size 1 

Ans. 1 hr. 22 min. 

26. A sum of money having been equally divided among 19 
men, each man received $3^;. If the number of men had been 
30, what would have been the share of each 1 

Ans. $2,058'. 

27. Allowing a person to perform a certain journey in 16 
days, when the days are lOj hours long; in what time ought 
he to accomplish the same journey, when the days are 13 Ar. 
long 1 Ans. 12^ff days. 

28. If 950 lb. of beef be sufficient for the crew of a ship for 
1^7 days ; hOw much would suffice them for 83^ days ] 

Ans. 1391jf ». 

29. Allowing 15 A. 30 P. to produce 403 bu. 2ph of wheat, 
what number of bushels would be raised from a field contain- 
ing 40 A., at the same rate 1 Ans. 1062|f bu. 

30. If 5 T. 11 cwt. of hay amount to $55.18|, what quantity 
of hay, &t the same price per ton, may be bought for $100 ? 

Ans. 10.066' T. 
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31. If 26 sacks, each measuring Abu, will contain a ffiven 
quantity of grain ; how many sacks, each measuring 3^ bu., 
will contain the same quantity 1 Ans, 28f sacks. 

32. A bought 9Jy(i. of linen, for $19.76 ; and B bought 7 
yd, l^qr, at the same price per yard ] What did the latter pay 
for the quantity he purchased % Arts. $14.76. 

33. A post, standing in a stream, has \ of its length in the 
earth, f in the water, and 6 feet above the water. What is the 
length of the post 1 

Analyst, i+J=y^+| J= jf ; and 1— {i=A 

The post has |f of its length below the surface of the water, 
and, consequently, ^ of its length above the water. 

Then j'^ of its length is 6 feet ; -^ of it is ^ of 6 fl. =f ; 
and the whole length is 16 times ^ of it =«V^=V=37i}i}. 

Proportion. x*y • 1 or j| : : bft. : The entire length , 

The part of the post above the water, is to the whole post,-^ 
represented by a unit, — as the length of that part is to the 
whole length. 

34. A farmer sold J of his land to A, J of it to B, and the ' 
remainder, which was 100 acres, to C. How much land did 
the farmer own 1 Ans. 240 acres. 

35. A merchant who owned J of a ship's cargo, sold ^ of 
his share for $1600. What was the whole cargo worth 1 

Ans, $12000. 

36. In a certain school, ^ of the pupils are studying Arith- 
metic ; J of them study Languages ; ajid the remaining 36 are 
employed on various other subjects. Required the number in 
the school. Ans, 96 pupils. 

37. A person failing in business owes $^000, and is able to 
pay only $2000. How much can he pay per dollar to hjs 

s creditors, and how much should that creditor receive to whom 
he owes $1000 ? Ans, $.40 : and $400. 

38. A traveler having gone 376.6 miles on his journey, finds 
that } of it remains to be traveled. What was the length of 
his journey 1 Ans, 600.8 milee. 

39. A given quantity of oats is allowed to 16 horses, for 31 
days. If 7 horses more be added to the number, for how many 
days ought the same allowance of food to be made 1 

Ans, 21^ days. 

40. A cistern whose capacity is 3000 gal. is supplied with 
water by a pipe which pours into it 7 gal, per minute. By 
leakage the cistern will lose, during the time of filling, at the 
rate of 2igal. per minute. In what time will the cistern be, 
filled? . A-TW. \W*^\iw«u 
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41. A and B depart from the same place, and journey in the 
same direction. A starts 3 days before B, and goes 30 miles 
per day ; B follows at the rate of 33^ miles per day. In how 
many days will the latter overtake the former 1 

Ans. 27 days. 
* 42. If when flour is at $5 a barrel, the Hve cenj loaf of 
bread weighs 9 oz., what ought to be its weight when flour is 
at $7 a barrel 1 

The weight of the loaf ought to he inversely as the price of the 
flour. 

Analysis. If flour were at $1 a barrel, the loaf ought to 
weigh 5 times as much as if flour were at $5 a barrel ; that is, 
9oi. X5. • 

And when flour is $7 ». barrel the loaf ought to weigh only 
f as much as when it is $1 a barrel ; that is, 

9oz. X5 4602:. 

^ =-;j — =;:6f oz. 

43. If a given store of meat will supply a company of 
soldiers for 100 days, allowing each man 2 lb, per day ; what 
should the daily allowance be, if the time were extended to 

135 days? Ans, l|f pounds. 

44. A borrowed of B $500, which he kept 3^ years. On a 
subsequent occasion, A lends to B $375 ; how long ought B to 
keep this latter sum, in return for the accommodation he had 
afibrded A 1 Ans, 4J years. 

45. A bankrupt owes $5349.75, and has property amounting 
to $2300. In an equitable distribution of his property, how 
much will a creditor recfeive whose claim is $400 1 

Ans, $171,970'. 

46. A garrison of 90 men has provisions for 42 days. How 
many of the men must be discharged, that the remainder, 
without any diminution of rations, may be supported for 60 
days 1 Ans, 27 men. 

47. A gentleman who owned f of a manufactory, sold j of 
his share for $3000. What was the estimated value of the 
whole establishment 1 Ans, fj^lSOOO, 

48. How many miles must a person walk in 5^ days, to 
accomplish a journey of 500.5 miles, at the same rate, in 15 
daysl Ans, 183.516' miles. 

49. If 4 r. 13 cwt, of iron be carried 50 miles, for $30, how 
far should 9 T. 5 cwt, 3 qr. be carried for the same sum ? 

Ans. 25.033' miles. 

50. If 31 A. 3 JS. of ground produce 1000 hu, Zpk, of wheat, 
how many bushels will 51 A. 2 JR. 24 P. produce, at the same 
rate 7 Ans, 1627.991' &u. 
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61. Allowing a man to do a certain work in 3 days, and a 
boy to do it in 5 days, in what time ought both together to do 
the work] • Ans. 1<^ days. 

Analysis. The man could do J of the work, and the boy J 
01 the work, in 1 day ; and J-[-i=TV' 

Hence, both together could do j%oi the work in 1 day. 

Then ^. of the work would be done in J of a day ; and, 
consequently, the entire work would be done in 15 times ^da, 
= y (ia. =1-J days. 

Proportion. j% : 1 (the whole work ) : : 1 da. : Time required. 

The part that both could do in 1 da., is to the whole work, — 
represented by a unit, — a^ 1 day is to the time required. 

62. A can dig a ditch in 5 days, B in 6 days, and C in 8 days. 
Tn what time could the three together dig tiie ditch 1 

Ans. 2/y days. 

53. Two masons together built* wall in 10 days. One of 
them could have built the wall himself in 16 days; in how 
many days could the other Jiave done it 1 Ans. 30 days. 

54. If Zlcwt. Zqr. of coal be hauled 20 miles for $5.75, 
what sum should be paid for hauling 3 T. of coal three times 
that distance I Arts. $27,417'. 

65. A merchant bought three pieces of cloth, each contain- 
ing 25 yd. 2 qr. for $500 ; and sold bOyd. of it at cost. What 
did the 50 yards amount to 1 An^. $326,797*. 

^. A could mow\a meadow in ^ days, B in 9 days, and C 
in 1 1 days. In what time could the three together mow the 
meadow ? Arw. 2f Jf days. 

57. If J of f of an acre of land sell for $18.18f , what would 
a lot containing 7 A. 2R. 13 P. bring at that rate 1 

Ans.-$229.806'. 

68. A farmer sold | of his whole amount of land, at $25 an 
acre, and received for it $10000. What amount of land did 
the farmer own 1 A?w. 1000 acres. 

59. A testator bequeathed ^ of his estate to his only son, # 
of it to his only daughter, and the remainder, which was $5000, 
to his widow. What was the value of his estate 1 

Ans. $23333}. 

60. A, B, and C together can excavate a reservoir in 6 days. 
A and B together can do it in 9 days ; in what time could C 
alone do the work 1 Ans. 11 J days. 

61. Allowing a person to perform a certain journey in 13^ 
days, by traveling 10 hours a day, in what time ought he to 
perform the journey if he travel 1 1\ hours per day ? 

Atw« VI ^Tc^^ ; 
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62. How many yards of linen ^ yd. wide, will be equivalent 
to 30 yi. of another kind, which is f yd, wide 1 

The quantity in square measure being the same, the length 
will be inversdy as the breadth. 

Observe that i yd. is the term of demand: also, that SO yd. 
is that term which is of the same kind with the required 4th 
term, since both express length. 

Analysts. The length of each kind X the breadth, will 
produce the sqtiare measure; which is, therefore, 

, 30X3 
;30X J= — T"~ sq. yards. 

This divided by the breadth of the first kind, will give tne 
length of the first kind ; which is, therefore, 

30X3 30X3X 2 

30^3 
Canceling 2, we have — „ — =^^=45 yards. 

63. How many yards of cotton }yd. wide, will be required 
to line 4^ yards of cloth which is 1^ yd. wide % 

Ans. 7f yards. 

64. How many yards of carpeting which is J of a yard wide, 
will be required to cover a floor that measures 26 feet in length, 
and 20 feet in breadth ? Ans. 74^^ yards. 

65. How many yards of paper ^yd. wide will be sufficient 
to cover the walls of a room 70 /if. in compass, and 10//. in 
height, allowing ^ for windows, &c. Ans. 120|^\ yards. 

66. A farmer has a field 100 poles in length, and 45.25 poles 
in width. He wishes to lay off another field to contain the 
eame quantity of ground, and be 80 poles in length ; what 
must be its breadth ? Ans. 56.5625 poles. 
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PAETITITE PROPORTION. 

§ 228. Partitive Proportion is proportion applied to 
dividing a given quantity into two or more parts, which shall be 
in a given ratio, one to another. The terms of the given ratio, 
or ratios, may be called the proportional terms. 

For example : to divide $300 between A, B, and C, in the 
proportion of 2, 3, and 6 ; that is, so that A's share shall be 
to B's as 2 to 3, and B's to C's, as 3 to 5. 

In this example, 2, 3, and 6, are the* proportional terms ^ the 
consequent of the first ratio 2 to 3 being the antecedent of the 
second ratio 3 to 5. 

A^ote. This part of Arithmetic is commonly called Part- 
nership or FELLOWStoP. 

RULE XLV. 

§ 229. 7b divide a given quantity into two or more parts 
which shall he in a given ratio, one to another. 

1. Add together all the given proportional terms. Then, 

2. The sum of those terms will he to each term, separately, 
as the quantity to be divided is to each corresponding part of 
that quantity. 

is X A M P L E . 

To divide $300 between A, Bj and C, in the proportion of 
2, 3, and 5. , 

The sum of the proportional terms is 24-3+5=10. 

Then, 10 : 2 : : $300 : $300X2-t-10=$60, A's share ; 

10 : 3 : : $300 : $300X3-j-10=$90, B's share ; 

and 10 : 6 : : $300 : $300X5-j-10=$150, C's share. 

Analysis. Suppose the whole sum $300 to be divided into 
2+3+5=10 equal parts. Then it is evident that 

A rtiust have 2, B 3, and C 5, of those parts ; that is 

A's share is -f^ of $300=$300X2-^10=$60 ; 
B's share is ^^ of $300=$300X3-r-10=$90; 
C's share is /^ of $300=$300X5-t-10=$150. 

The expressions $300X2-f-10, &c., for the several shares, 
found by the Analysis, are the same as those found by the Rule. 
Hence the Analysis demonstrates the Rule. 
12 
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EXERCISES. 

1. Divide $240 between three persons in such a manner 
that their shares shall be as 6, 4, and 3, respectively. 

Ans. $100 ; $80; and $60. 

2. A gentleman bequeathed to his son and daughter $5000, 
the son's share of it to be to the daughter's as 3 to 2. What 
was the share of each 1 

Ans, Son's $3000; daughter's $2000. 

3. A merchant employed 3 clerks, at the annual salaries of 
$300, $400, and $500, respectively. At the end of the year, 
the merchant proving bankrupt, has but $650 to be divided 
proportionably among them. What will be the portion of 
eaqh 1 - 

The proportional terms are 300, 400, and 500 ; or without 
altering the ratios, 3, 4, and 5; since JgJ=J, and Jgg=J. 
Ans, The 1st, $162.5 ; the 2d, $216,666'; the 3d, $270,833'. 

4. An insolvent debtor owes to A $250, to B $100, and to 
C $300. He is able to pay $420 ; what would each creditor 
receive of the $420 ] 

Ans. A $161,538'; B $64.6l'5'; C $193,846'. 

5. It is required to divide the number 180 into three parts 
which shall be to one another as ^, }, and %. 

Analysis. Reducing the proportional terms to a common 
denominator^ we have them /y, j\, and /^^ ; and these are to one 
another as the numerators 6, 8, and 9 ; (§ 217). 

Hence 6, 8, and 9 may be taken for the proportional terms. 

Ans. 46|| ; 62i| ; and 70^ J. 

6. A father proposed to divide $100 between his two sons 
in the ratio of J to ^, provided either of them could ascertain 
the portion offered to him. What would each portion be 1 

Ans. The 1st, $40 ; the 2d, $60. 

7. The sum of $500 is to be divided among A, B, and C, in 
the proportion of f , 1^, and 2J, respectively. What will be 
the share of each ] 

Ans. A's $.75,471'; B's $141,509'; C's $283. 

8. Two persons form a partnership in trade, with a capital 
of $3000, of whiijh the first contributed $1800, and the second 
the remainder. They gain $900 ; what is each one's share? 

Ans. The first, $540; the second, $360. 

9. A bankrupt is indebted to A $425.50 ; to B $200; to C 
$100 ; and to D $85.76. He is able to pay $500. If this sum ' 
be divided among his creditors proportionably to their respective 
claims, what will be the share of each ? ^47^^. A's $262,249'; 
B's $123,266'; C's $61,633'; D's $52.86'. 
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When each given Matio has a separate Antece4fint and 

CtmsequenL 

§ 930. In Partitive Proportion, when each given ratio has a 
separate antecedent and consequent, — take, for the proportional 
terms, the given \st and 2d terms, the fourih proportional to 
the 3d, 4th, and 2d terms, the fourth proportional to the 6ih 
and 6/^ terms, and last fourih proportional, — and so on to the 
last term. 

EXAMPLE. 

10. Divide #1700 between A, B, C, and D, so that A's 
share may be to B's as 1 to 2, B's to C's as | to 1, and C's to 
D's as 3 to 4. , 

The given first and second terms are 1 and 2 ; 

finding a fourth proportional to the 3d, 4th, and 2d terms, 
Rule XLII, we have ^ : 1 ; : 2 : 2X1-^J=6 ; and finding a 
fourth proportional to the 5th and 6th terms, and last fourih 
proportional 6, we have 3 : 4 : : 6 : 6X4-^3=8. 

Now since B's share is to C's as j to 1, or as 2 to 6 ; 

and since C's share is to D's as 3 to 4, or as 6 to 8 ; 

the four shares will be to one another as the numbers 1, 2, 6, 
and 8, which we accordingly take for \he proportional terms 

Then 17 : 1 : : $1700 : $100, A's share. 

In like manner B's is $200, C's $600, and D's $800. 

11. Divide $70 between A, B, and C, in such a manner that 
A's share shall be to B's as 2 to 3, and B's to C's as 4 to 5. 

Ans. A's share $16, B's $24, and C's $30. 

12. Three persons in a joint speculation gain $1000 ; which 
is to be divided so that the first share shall be to the second as 
3 to 2, arid the second to the third, as 5 to 6. Required the 
shares. Am. $405,405', $270,270', and $324,324'. 

13. A, B, and C, in partnership, lose $800. A's portion of 
the capital employed was J of B's, and B's was f of C's : what 
amount of the loss should be assigned to each ] 

Observe that A^s capital was to B^s as 3 to 4, and B's to Cs as 
2 to 3 ; and that their respective losses should be in . like pro- 
portion. 
, Ans. To A $184,615', to B $246,163', and to C $369,230'. 

14. A farmer divided 600 acres of land between his three 
sons, giving to the first 1^ times as much as to the second, and 
to the second Ij times as much as to the third. How much 
did he give to each 1 

The first share was to the second as \^ to 1, and the second to 
tlte third as \\to \, > 

Ans. To the 1st, 227^^, to the 2d, 151 J J, to the 3d, lOlj'y A. 
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Partitive Ratios dependent on Time. 

$ 331* When different periods of time are involved in Parti- 
tive Proportion, the proportional terms to be used will b« 
found by multiplying each term reckoned with time,by ife time. 

The different periods of time, before multiplying, must all be 
in the same denomination. 

EXAMPLE. 

16. Two persons, A and B, trade together ; A ventures $200 
for 7 months, and B $300 for 9 months. They gain $100 ; 
how must it be divided between them ] 

$200 for 7 7710. is equivalent to (200X7) $1400 for 1 mo, 
and $300 for 9 mo, is equivalent to (300X9) $2700 for 1 mo. 

Having the time the same, that is, 1 month, in both cases, 
we take 1400 and 2700, or 14 and 27, for the proportional terms, 
without regard to time. 

Ans. A must have $34,146', B $66,863'.' 

16. Three persons rent a pasture for $20. A put in 20 
sheep for 4 months, B 36 sheep for 3 months, and C 46 sheep 
for 2 months : how much of the rent should accordingly be 
paid by each 1 

^ Ans. A must pay $6,766', B $7,769', C $6,474'. 

17. E, F, and G, in partnership, have made $400. What 
will be the share of each, supposing E's stock in the business 
to have been $600 for 10 months, F's $900 for 1 yr, 3 m., and 
G's $600 for 2 years 1 

Ans, E's $60,790', F's $164,133', G's $176,076. 

18. A and B invested capital in a joint speculation as fol- 
lows : A put in at first $1000, and 6 months after $600 more ; 
B advanced at first $2000, and 4 months after withdrew $600. 
At the end of 12 months the profits amounted to $800 : what 
was each one's share of the same? 

A employed $1000 for 6 m.; $1000x6=$6000 for 1 m,; 
and $1600 for 6 m.; $1500X6=$9000 for 1 m. 

Then A's capital was equivalent to $16000 for 1 month. 
In like manner find the equivalent for B's capital. 

Ans, A's $360,877', B's $449,122', 

19. A, B, C, and D* engaged in partnership for 2 years. At 
the outset A advanced $2000, B $3000, C and D each $4000. 
Six months afterwards A added $600 to his stock in the busi- 
ness, B $300, and C and D each withdrew $1000. At the end 
of the 2 years, the profits were found to be $800 ; to what 
amount of profit was each one entitled 1 

Ans, A $167,024', B $213,223', C and D each $214,876'. 



5 233.) MED^A.L PROPORTION. 18 J 



MEDIAL PROPOETION. 

§ ^S2, Medial Profobxion is Proportion applied to find- 
ing in what ratio to one another two or more quantities, at 
different rates of value, must be taken, to form a compound of a 
given medial or mean rate of vaiue. 

For example, to find in what ratio to each other, rye at 37 
ceiUs per bushel, and oats at 25 cents per bushel, must be mixed 
Together, that the mixture may be worth 30 cents per bushel. 

Note, This part of Arithmetic is commonly called Alli- 
gation. 

RULE XLVL 

^ 233. To find the ratio of two or wore quantities at dtj- 
fsrent rates of value, for a compound of a given mean rate of 
value, 

1. For two different rates — take the quantities irwersdy as the 
differences between their respective rates and the mean rate. 

2, For three or more different rates — find the ratio for one rate 
which is less, and another which is greater, than the mean rate as 
above ; then for one of these two rates and another, or for two 
others, in like manner ; and so on, until all the diflTerent rates 
are included, and add together all the proportional terms found 
for the same rate, 

example. 

To find in what ratio to each other, rye at 37 cents, and oats 
at 25 cents a bushel, must be mixed together, that the mixture 
may be worth 30 ceTits a bushel. 

The difierences between the rates of the ttoo ingredients and 
the mean rate 30 cents, are 

for the rye 37 — 30=7, and for the oats 30 — 26=5. 

Then the quantity of rye will be to that of oats inversely 
a5 7 to 5; and by converting the inverse into a direct proportion 
($ 222), we find the quantity of rye to that of oats as 5 to 7 ; 
that is, the mixture must be in the ratio of 5 bushels of rye to 
7 bushels of oats. 

In other words, since 6-)-7=12, /y of the mixture must be 
RYE, andx j'u must be oats, whatever be the quantity of the 
mixtwe. 
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Analysis. We wish to find in what ratio to each othei, rye 
at 37 ceniSy and oats at 25 cents a bushel, must be mixed to- 
gether, that the mixture may be worth 30 cents a bushel. 

On 1 bushel of rye there is an excess of 7 cents above, and 
on 1 hu. of oats a deficiency of 6 cts, below, the mean rate 30 cts. 

Then ^ bu. of rye is in eoccess let,, and ^ bu, of oats is defi- 
cient 1 ct., in relation to the mean rate. 

This equal excess and deficiency counterbalance each other. 
Hence, 4 bu. of rye and i bu, of oats, mixed together, will be 
at the mean rate. 

Again ; i=/y, i^^ij ; and j^:£j::6:'7 ($ 217). 

Hence, the mixture must be in the ratio of 5 bushels of rye 
to 7 of oats. 

This result being the same as that found by the Rule, the 
Analysis demonstrates the Jirst part of the Rule. 

EXETICI SES. 

1 . In what ratio to each other must corn at 40 cts. a bushel, 
and oats at 26 cts. a bushel, be taken, to form a mixture worth 
33 cts. a bushel 1 Ans. 8 bu. of corn to 7 bu, of oats. 

2. In what ratio must one kind of coffee at 9 cts, a lb. and 
another at IS cts. a lb., be taken, to form a mixture of the two 
which shall be worth t2^cts, hlb.) 

Ans. ^ Zft. at 9 cts. to 3 J lb. at 13 cts. 

3. In what ratio must one kind of wine at 90 cts. a gallon, 
and another at 15 cts. a gal., be mixed, that the compound of 
the two may be worth 87^ cts. a gallon 1 

Ans. I2^gal. at 90 cts, to 2^ gal. at 76 cts, 

4. In what ratio must two kinds of tea, at 75 cts. and 90 
cl5. a pound, be mixed together, that the mixture may be worth 
83 cents a pound ? Ans, 7 lb, at 75 cts. to 8 lb. at 90 cts, 

5. In what ratio should two different kinds of sugar, at 9^ 
cts, and 14 d^. a pound, be taken, to form a mixture which 
shall be worth 12^ cts. a pound ? 

Ans. 1 J lb, at 9 J cts. to 3 ZZ>. at 14 cts, 

6. In what ratio should two different kinds of raisins, worth 
X^^cts. and \%\cts. a pound, be taken, to form a mixture which 
shall b« worth 16J cts, a pound ? 

Ans. \^T[lb. at I2\cts. to 4JZ&. at 18^cfe. 

7. A farmer wishes to purchase two different qualities of 
land, rating at $20 and $35 per acre, in such quantities that 
the average rate shall be $27^ per- acre. In what proportion 
must the two kinds be purchased ? 

Ans. 7^ acres, or equal quantities, of eiteh. 
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8. A goldsmith wishes to form an alloy of gold which shall 
be 20 carats fine, from two alloys of the same metal, one of 
which is 23, and the other 18 carats fine. In what proportion 
must the two ingredients be taken ? 

Ans, 2 parts of 23, and 3 parts of 18 carats fine. 

EXAMPLE, 

Of three ingredierUs at different rates, • 

9. A farmer wishes to mix rye at 37 cis,, oats at 23 cts,, and 
. corn at 32 cts. per bushel, in such proportions that the mixture 

shall rate at 31 cts, per bushel ; what must be the proportions ? 

Applying the second part of the preceding Rule, we first sup- 
pose the rye and the oats to be formed into a mixture at the 
mean rate 31 cts. 

This would require 8 bushels of r^ to 6 bushels of oats. 
We next suppose the oats and the corn to be formed into a 
mixture at the mean rate 31 cts. 

This would require 1 bushel of oats to 8 bushels of com. 

The two mixtures thus formed, if mixed together, will evi- 
dently be at the miean rate ; and this would give a mixture of • 
the three ingredients, in the proportion of 8 bushels of rye, to 8 
bushels of com, and 6-|-l=7 bushels of oats. 

Observe that the proportion of oats in the mixture of tlie 
three ingredients, is found by adding together the proportional 
terms 6 and 1, found for the oats in the mixtures of the same 
ingredients taken tuoo and tioo. 

Since 8-|-8-|-7=23, j^ of the mixture will be rye, /^ of it 
coi-n, and /y of it oats, whatever be the quantity of the mixture. 

10. A merchant wishes to mix three kinds of tea, which rate 
at 90 cts,, $1, and $1.60 per lb,, in such portions that the . 
compound shall rate at $1.25 per lb. In what ratios must the 

'different kinds be taken 1 

Ans, 25 lb, at 90 cts,, to 25 lb. at $1, and 60 lb. at $1.60 

11. A grocer mixed brandy at 30 cte. per ^a/., and wine at 
per gal., with water, and found the compound to be worth 

60 cts. per gallon. What ratios of the ingredients did he 
take, — ^the water being rated at 1 

Ans. 60 gal. of brandy to 70 of wine and 50 of water. 

12. A farmer has one tract of land worth $15 an acre, 
mother worth $22 an acre, and another worth $25 an acre. 
In what proportion must he sell from the several tracts, that 
file average price received shall be $20 an acre 1 

Ans. 7 acres at $16 to 5 at $22 and 6 at $26. 
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H^ererU JRatios of the same Ingredients .may sometimes be 

found. 

§ 1234* In Medial Proportion, when there are two or more 
rates greater^ and two or more less, than the mean rate, different 
ratios for the same ingredients may be found, according to the 
different ways in which the ingredients may be taken, two and 
two, in adjusting them to the mean rate. 

EXAMPLE. 

13. Four different kinds of sugar, rating at 6 cents, 8 cents, 

13 cents, and 14 cents, per 26. are to be formed into a mixture 
which shall rate at 10 cents per pound. What ratios must be 
taken ? 

Adjusting the two at 5 cents and 13 cents to the mean rate 
10 cents, we find 3 Z&. at 5 cents to 5 Ih, at 13 cents. 

Adjusting the two at 8 cents and 14 cents to the mean rate 
10 cents, we find 4 Z&. at 8 cents to 2 26. at 14 cents. 

Then 3 Z&. at 5 cents. 4 Z&. at 8 cents, 5>2&. at 13 cents, and 2 
Z&. at 14 cents, will form a mixture at the mean rate 10 cents. 

Find other ratios for thefowr ingredientsy according to each of 
the following difi^erent ways of adjusting the four dififerent 
rates, taken two and two, to the mean rate 10 cents. 

l5/. 5 cents and 13 cents ; 5 cents and 14 cents ; 8 cents 
and 13 cents. Ans, Tlb.^t 6 cts., 7 lb. at 13 cts., 6 lb. at 14 cts., 
326. at Sets. 

2d. 5- cents and 13 cents ; 8 cents and 13 cents ; 8 cents and 

14 cents. An^. ^Ih. at 5 cts., 7 Jb. at 13 cts., 7 lb. at 8 cts., 2 lb. 
at 14 cts. 

3d. 5 cents and 14 cents ; 8 cents and 13 cents ; 8 cents and 
14 cents. Ans. 426. at 5 cts., 7 lb. at 14 cts., 7 lb. at S-cts., 2 lb. 
at I3cts. 

4th. 5 cents and 14 cents ; 5 cents and 13 cents ; 8 cents 
and 14 cents. Ans. 7 26. at 5 cts., 7 26. at 14 cts., 5 26. at 13 cts.. 
4 26. at 8 cts. 

When the Quantity at pne of the different Hates, is given. 

§ 235. In Medial Proportion, when the quantity at one of the 
different rates, is given? and the other quantity or quantities fo* 
a compound of a given mean rate, are required, — find the ratios 
for aU the different rates as before ; then. 

The term found for the rate whose quantity is given, will be 
to that given quantity, cw the term found for any other rate, is 
to the quantity required at that rate. 
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EX4.MFLE. ^ 

14. How many pounds of tea at S6cts. a U>., and at 90 cts, a 
25., mi^st be mixed with bib, at $1 a 26., that the mixture may 
be worth 94cts, aH>.T 

Finding the ratios at the three different rates, for a mixture 
at the mean rate 94 cts.y we have, 6 lb. at 85 cts,, 6 lb. at 90 cts., 
and 13U}. at $1. 

Then 13 25. : bib. : : 6 lb. : the quantity required at Sbcts.; 
and in like manner is found the quantity required at 90 cents. 

Ans. 2^ pounds of each. 
16, How many ounces of gold 23 carats fine, and how many 
20 carats fine, must be compounded with 8 ounces 18 carats 
fine, that the alloy of the three different qualities may be 22 
carats fine 1 , 

Ans. 48 oz. of the first ; and 8 oz. of the second. 

When the Quantities at two or more of the different JRaies, are 

given. 

§ 230* In Medial Proportion, when the quantities at two or 
more of the different rates are given,-— find at what rate the 
sum of the given quantities should be estimated, by dividing 
said sum into the sum of the valites of those quantities. Then, 

By substituting the sum of the given quantities, and itf rate 
thus found, for those separate quantities, and their respective 
rates, the question may be solved like those in the preceding 
section (§235.) 

EXAMPLE. 

16. How many gallons of vinegar at 20 cts. a gal., and at 50 
cts. Affcd., should be mixed with 4^aZ. at 26 cts. a ^aZ., and 2 gcdi 
at 16 els. a ffol., that the whole may be worth 28 cents a gallon ] 

The 4 gal. at 26 cts. a gallon amount to 100 cts., and the 2 
gcd. at 16 cis. amount to 32 cts. We have then 4-f-2=6 gal. 
amounting to 100+32== 132 cts. Hence these 6 gal. rate at 
132-i-6=22 cte. per ^«Z. 

Substituting now 6 gal. at 22 cts. iper gal., for the 4 gal., and 
the 2 gal., at their respective rates, the question becomes of the 
same nature as the 14th, preceding. 

Ans. 6 gal. at 20 cts., and Z-^^gal. at 60 cts. 

17. A farmer wishes to mix 10 bushels of corn at 35 cts. per 
bushel, and 8 bushels of rye at 40 cts. per bushel, with such a 
quantity of oats at 25 cts. per bushel, that the whole may be 
worth $.33j per bushel. What quantity of oats must be 
taken 1 Ans. 8f bushels. 
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When the Sum of the Quantities at the several different Mates, 
and the mean Mate or value of the whole, are given,-'*4o 
find the Quantity at each particidar rate. 

§ 937* Find the ratios of the several different kinds, for a 
compound at the given mean rate. (§ 233). Then, 

The sum of the terms or quantities thus found, wiU be to the 
quantity found for either rate ; as the given sum of all the 
quantities, is to the quantity required for that rate. 

EXAMPLE. 

18. A vintner wishes to mix two kinds of wine, which rate 
at $.75 and $1.26 per gallon, in such proportion and quantities 
as to produce 100 gallons which shall be A^orth $.87^ per gallon. 
What quantities of the two kinds must be taken 1 

The ratio of the two kinds for a compound at the mean rate 
$.87^, will be found to be, 

yi^gal. at $.75, and \2^gal. at $1.25. 

Then 37^+12^ : 37^ : : 100 : quantity required at $.76. 

Ans. 16 gal. at $.76, and 2b gal. at $1.25. 

19. How many pounds of each of three different kinds of 
coffee, rating at 12 cents, 13 cents, and 15 J cents, a pound, 
respectively, must be taken for a mixture of 100 K>. which shall 
rate at 14 cents a pound 1 

Ans. 26 lb. at 12 cts., 25 lb. at 13cfe., 601b. at 15^ cents. 

20. How many bushels of each of three different kinds of 
grain, which rate at $.20, $!37i, and $.76, per bushel, respec- 
tively, must be taken to produce a mixture containing 500 
bushels, which shall rate at $.50 por bushel ? Ans. 135^1^ bu. 
at $.20, 135/7 ^' At $-37i, and 2!29|| bu. at $.75. 
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CONJOINED PROPORTION. 

$ 23S* A CONJOINED FROFORXiON consists of two or more 
pairs of equivalent terms — each consequent being of the same 
kind as the next antecedent, and the iirst and last terms also 
of the same kind. 

Its apph'cation will be seen under 

RULE XLVII. 
§ 239. For the solution of questions in Conjoined Proportion- 

1. Set equivalent terms on the left and right of the sign =, 
one under another, and so that each succeeding left hand term 
shall be of the same kind with the preceding right hand one. 

2. If the answer is to be of the same kind with the first 
term, set the odd term on the left ;— otherwise, set it on the 
right. 

3< All the terms on the same side with the odd term, must 
be multiplied together, for a dividend ; and all the others, for a 
divisor. The«quotient will be the answer, in the denomination 
of the given term of the same kind. 

4. Each consequent and the next antecedent must be used 
in the same denomination. 

EXAMPLE. 

If 3 qr. of cloth be worth ^gal. of wine, and 2^aZ. of wine be 
worth" 6 lb, of tea, how many quarters of cloth will be equal in 
value to 12 pounds of tea "J 

The equivalent terms are Zqr, and Agdl,\ 2 gal. and 6/*.; 
the odd term is 12 lb.; and the answer required is of the same 
kind with the 3 qr. Hence the arrangement will be, 

3qr. =4 gal. ; 
%gal. = 5 lb. I 
12 lb. = how many qr. of cloUi? 

The operation is 3X2X12-f-4X6=72-i-20=3f yr. 

(tJ* The terms being enuivalent in value on opposite sides, if we had 
tne equivalent of the 12 Ib.y the product of the terms on one side would 
be eqmvalent to the product of the terms on the other. 

Hence the product on the side on which the number of terms is comr 
plete, divided by the iiicomplete product on the other side, gives the term 
wanting on this latter side. ./D 



188 CONJOINED PROPORTION. 

Analysis, 3qr. of cloth being equal in value to Aged, of 
wine, and 2 gal. of wine to 6 lb. of tea, we wish to find how 
many qr. of cloth are equal in value to 12 lb. of tea. 

Since 5 lb. =Qgal., 1 Zft. = J of 2 gal.; 
^ and 2 gal., being f of 4 gcd,, = } of 3 jr.; 

hence 1». = iof fof Sjr. = ?2^^m-.; 

^ * ^ 6X4^ 

and 12Z&. = 12 timesl^or. = 2X3X12-r-5X4. 

5X4^* . 

By Proportion. 4 gal. : 2 gal. : : Sqr. : 3X2-r-4=li qr. 
Ij qr. of cloth equals in value 2 g(d. of wine, or 6 lb. of tea. 

Then 6Z6. : 12Z&. :: l^jr. : Ijxi2-f-6=3f jr. 

EXERCISES. 

1. If 7 ^M. of wheat be worth as much as 3 cords of wood ; 
and 9 cords of wood as much as 2 tons of hay ; how many 
btrahels of wheat should be exchanged for 5 tons of hay 1 

Ans. 62^ bushels. 

2. If A can do as much work in 5 days as B can do in 8 
days ; and B as much in 4 days as C can do in 11 days ; in how 
many days could A do the same that C could do in 20 days ] 

Ane. A-fj days, 

3. If 3 barrels of corn be given for Ibu. of wheat ; and 4 
hi. of wheat for 13 of rye ; and 15 of rye for 20 of oats ; how 
many bushels of oats would he an equivalent for 10 barrels of 
corn ? Ans. 101 J bushels. 

4. Allowing that in a certain factory 6 girls do as much 
work in a day as 4 boys ; Aid 8 boys as much as 6 men ; how 
many men would be required to do as much work as 20 girls 1 

Ans. 10 men. 

tf. If 10^ yards of silk cost $15.75 ; and $6 will purchase 1 
yard of broadcloth ; and A^yd. of broadcloth be bartered for 
25 yd. of Irish linen ; how many yards of silk would be an equiv- 
alent for 40 yards of the linen 1 Ans. 27^ yards. 

6. Supposing A to earn as much money in 4 months as B 
earns in 6 months ; and B as much in 5 months as C in 7 
months ; and C as much in 10 months as D in 3 months ; in 
what time could D earn the same that A could earn in 12 
months t Ans. 7^f months. 

7. If 12 Jh. in the United States be equal to 10 Z&. at Amster- 
dam J and 100 lb, at Amsterdam be equal to 120 lb. at Paris ; 
now many pounds in the United States are equal to 100 lb. at 
Paris ? An^. 100 pounds 
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COMPOUND RATIO. 

$ 240. A Simple Ratio is the ratio of a single antecedent 
to its consequent ; as the ratio of 3 to 5, equal to f . 

§ 241. A Compound Ratio is the ratio of the product of 
two OT more antecedents to that of their consequents ; and is 
equal to the product of all the simple ratios. 

Thus the compound ratio of 3 and 4 to 5 and 7, is the ratio of 

3X4 
3X4 to 5x7,=g^=f Xf or ?X|. 

The compound ratio ^, we see, is equal to the product of 
the simple ratios of 3 to 5, and 4 to 7; or of 3 to 7^ and 4 to 5 



COMPOUND PROPOETION. 

§ 242. A Compound Proporticw is one in which the com- 

poimd ratio of two or more antecedents to their consequents, 

is equal to the ratio of a remaining antecedent to its consequent. 

2*3) 
Thus g ! o ? : : 6 : 10, is a Compound Proportion ; 

in which the compound ratio ~ of 2 and 6 to 3 and 8=/|y, the 

ratio of 6 to 10. 

Compound Proportion is applied to the solution of questions 
which involve two or more simple proportions. 

RULE XLVIII. 
§ 243. To solve a question in compound pkoportion. 

1. Take any two terms of the same kind, and the one of the 
same kind with the answer to be found, and dispose them in a 
direct proportion. (§ 227.) 

2. Then take two other terms of the same kind, for another 
proportion whose third term is that of the Jirst proportion ; and 
so on. until all the terms are included. 

3. Multiply the first terms together for a divisor, and the 
second and third together for a dividend : the quotient will be 
the answer required. 

4. Each antecedent and its consequent must be used in the 
same denomination ; as in simple proportion. 
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If a footman can travel 160 miles in 6 days, when the days 
are 12 hours long, in how many days may he travel 275 miles, 
when the days are 10 hours long 1 

Taking first 150 miles, 275 miles, and 5 days, the question is, 

If 160 m. he traveled in 6 days, in how many days may 276 
m, be traveled ? This gives the proportion, 

160 w. : 276 m. : : 6 days : THme required. 

Taking next 12 hours, 10 ^oizr^, and 6 days, the question is, 
If when the days are 12 hr. long, 6 days be required, how 

many days will be required when they are 10 hr. long 1 This 

gives the proportion, 

lO^r. : 12 Ar. : : 5 days : Time required. 
The compound proportimi will then be, 

. ^10^'. ; ^12^; \ '-'-^ ^y^ '• ^'^^ required. 
The operation is, 

276X12X6-i-(l60X10J=16600-r-l600=ll days. 
The reason of the operation will become more evident if 
the compound proportion be stated thus ; 

160X10 : 276X12 : : 6 days : Time required. 

From this it appears that the time required, is a fourth pro- 
portional to 160 X 10, 275 X 12, and 6 days. 

Analysis. Recollecting that we are to find a number of 

days, and supposing at first that the days in both cases are 12 

hr. long, 

5d. 
1 mile would be traveled in j^^ of 6 days; that is,Tg^; 

6(f.X275 
and 276m. would require 276 times as long as 1 m*. ; — iTq — . 

With regard now to the dififerent length of the days. If the 
days were but 1 hour long, the number of days would be 12 
times as great as when they are 12 hr. long"; 

6<£. X275X1 2 
that is, j-^Q . 

And when the days are 10 hr. long, the number will be only 
j^Q as many as when they* are but 1 hr. long, 

bd. X275X12 
that IS, 150X10 • 

The expression thus found may be canceled, successively, 
by 6, 6, 6, 2, and 5. This will reduce it to 11 day^. (§ 212). 
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EXERCISES. 

1. If 5 oxen require an acre of grass for 9 days, how many 
acres will 20 oxen require for 30^ daysl Ans. ISf acres. 

2. If 4 men eat 64 pounds of bread in 2 weeks, how many 
pounds will 16 men eat in 7 weeks 1 Ans. 896 pounds. 

3. If a man travel 100 miles in 3 days of 13 hours length, 
how far might he travel in 33 days of 14^ hours length 1 

Ans. 1205JJ miles. 

4. If 2 yards of cloth l^yd. wide, cost $10.25, what should 
be paid for 13 yards of like quijity, which is l^yd. wide 1 

Ans. $77.72ji. 
6. If a family of 10 persons, in 2 weeks, spend $200, how 
long ought a family of 13 persons to be in expending $500 1 

Ans. 3|^ weeks. 

6. If 6000 H>. of bread will supply a garrison of 100 men, 
for 2 months, how long will 120001b. supply three such 
garrisons! Atis. 1 J months. 

7. If the conveyance of 20 cwt., 40 miles, cost $15.87^, what 
should be charged for the conveyance of 60 cwt. 3qr., 100 
miles? Ans. $100,707'. 

8. Allowing 4 men to mow 19 A. SR. 21 P. of meadow, in 
6 days, how long ought 7. men to be employed in mowing 46 
acres'? Ans. 6.454' days. 

9. If 11 02. Sdr. of bread be hought for 6 J cents, when 
flour sells at $5 a barrel, what quantity of bread should be 
bought for $.76, when flour sells at $6 a barrel. 

Ans. lib. 3oz. 

10. Allowing the transportation of 15 cwt, 100 miles, to 
amount to $46.60, how far ought dlciot. 1 qr. 20 lb. to be car- 
ried for $100 ? Ans. 88.079' miles. 

11. If 26 men can dig a ditch 80 ft. long, 4ft. wide, and 3 
ft. deep, in 2 days, in what time ought 30 men to dig one 300 
ft. long, 5ft. wide, and 4ft. deep 1 Ans. 10/^ days. 

12. Allowing 17 head of cattle to consume 6 A. 2 12. 10 P. 
of pasture, in 30 days, how many acres would be consumed by 
40 head of cattle, in 60 days 1 Ans. 21 A. 3 J2. lOif P. 

13. A contractor engaged to pave 16 miles of road in 12 
months, and for that purpose employed 100 men. Seven 
months have now elapsed, and but 6 miles of the road have 
been completed ; how many more men must be employed to 
finish the work in the time prescribed 1 Ans. 110 men. 
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EXAMINATION ON CHAPTER IX. 

1. Find the ratio of 2 J to 7, and of J to |. Ans, ^ and If 

2. Find the inverse ratio of f of f to 5^. - Arts, 1 1 . 

3. Find the ratia of 3 ^. to 1 not. 2 ^r. 20 lb. Ans, f 4^. 

4. Find the inverse ratio of 2cwt, to Zqr. bib, Ans, J^, 
Find the 4th term in each of the following proportions. 

5. 3^ days : 10 days : : $37^ : 4th term. Ans. $107i)^. 

■6. 7 men : 13 men ^^21^ days : 4th term. 

• An^s, 11 if days. 

- 7. 3cwt, Iqr, il cwt. : : $25. 12^ : 4th term. 

Ans. $54,116'. 

8. 30j miles : 100 miles =^6=14 T. 1 cw^. : 4th term. 

Ans.AT.Q.4QTcu)U 

9. If 13|: yards of broadcloth cost $65.25, what should be 
paid for 17 y5. 2^^. of cloth at the same rate ? 

Ans. $86,794'. 

10. Allowing 9 J barrels of flour to suffice a family for 12 
months, how many barrels would the same family require fot 
2y. 4m.1 A?i5. 22^ barrels. 

11. If $100 will supply a number of horses with oats, for 
3 months, when oats is at 26 cts. per &«., how long will the 
same sum sup])ly them with the same article, when it is at 
$0.37^ per bushel 1 An5. 2 months. 

12. Supposing a company of workmen to erect a building in 
30 days, by working 8^ hours per day ; in how many days 
ought the work to be accomplished, if they employ 10^ hours 
per day I Ans. 24|f days. 

13. A farmer bought 100 A. of land for $6600, and after- 
wards sold 37 A. 3 JR. 29 P. at the same price per. acre. What 
did the portion sold amount to 1 Ans, $2086.218'. 

14. A father dying left his son a fortune, of which he spent 
J in 2 years, J of the remainder lasted him 3 years longer, 
when he had only $3000 left. What fortune did his father 
bequeath him 1 Am. $12000. 

16. Three pipes will separately fill a cistern with water in 
3 hours, 4 hours, and 6 hours. If the three pipes discharge 
Into the cistern together, in what time will it be filled ] 

Ans. IJf hours. 

16. If A could do a piece of work in 10 days, B in 12 days, 
and C in 16 days, in what time could A and B together do it 1 
In what time the three together do it ? 

Ans. A and B in 5/]- days ; A, B, and C in ^ days. 
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17. A merchant sold ^yd, Sqr, of cloth, at $5.26 per yard ; 
13yd. 2qr, of silk, at $1.12^ per yard; and Tyd. 2iqr. of 
linen, at $0.62^ per yard. What did the whole amount to 1 

Ans. $44,890'. 

18. How many yards of carpeting, which is f of a yard 
wide, will be sufficient for a room 18^. 9 in, long, and 16^//. 
wide 1 Ans, 39f yards. 

19. A grocer exchanged 12 cwL 3 qr. IS lb, sugar, at $7.18| 
per cwt,, for wheat at 8lf c/5. per bushel. How many bushels 
of wheat were required to pay for the sugar 1 

Ans. 113.506' bushels. 

20. A gentleman has a flower garden 30 je>. 3 yd. in length, 
and lip. 4 yd. in breadta. Without altering the area, he 
wishes to increase the breadth to 20 poles ; how much must 
the length be diminished.? Ans. 3p, ^j^^yd. 

21. If 5f yards of cloth which is Zqr. wide, cost $10.60, 
what ought to be paid for 14^: yards of cloth, of like quality, 
5 ^r. wide? Atw. $46,395'. 

22. A and B barter as follows, viz., 4 T. 17 cwt. 3qr. of hay, 
at $12 per ton, for corn at $1.87^ per barrel. How many 
barrels of corn will be required as an equivalent for the hay 1 

Ans. 31y^y barrels. 

23. If the transportation of 16 cwt. Zqr., 100 miles, costs 
$45.60 ; what ought to be charged for the convey ance of 37 T. 

1 cwt, 400 miles 1 Ans. $86,62.666'. 

24. The sum of $600 is to be divided between A, B, and C, 
in such a manner that A's share shall be to B's as 6 to 3, and 
B's to C's as 3 to 7. What will be the share of each 1 

Ans. A's $166,666', B's $100, C's $233,333'. 

26. If 5 laborers,-working 8 hours a day, can dig a cellar 25 
ft. long, 19//. wide, and 8ft. deep, in 15 days, in what time 
ought 12 laborers, working 9 J hours a day, to dig a cellar 20 J 
ft. long, 17/^ wide, and S^ft. deep ? Ans. 4.089' days. 

26. A person failing in business, is indebted to A $300, to 
B $260, and to C $400. His assets amount to $650 : what 
will be the proportional share of each creditor 1 

Ans. A's $173,684', B's $144,736', C's $231,578'. 

27. A merchant has coffee at 12 cts., 16cte.,and 18cfe., a th., 
and wishes to form, of the different kinds, a mixture worth 14 
cents a pound. What must be the ratios of the mixture 1 

Ans, 6 lb. at 12 cts., 2 lb, at 16 cts,, and 2Z&. at 18 cts, 

28. An estate consisting of 5000 acres of land, is to be di- 
vided among three persons, so that A's share shall be to B's as 

2 to 5 and B's to C's as 3 to 8. Required tiie share of each. 

Ans, A's 491 If B's 1229^, C's ^'IT^W 
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29. Allowing 2Ib. of tea to be worth as much as 13/6. of 
cofee ; and 5 &. of coffee, as much as 9 lb, of sugar ; and 20^ 
lb. sugar, as much as 60 lb. of rice ; how many pounds of tee 
will be equivalent to 100 lb. of rice 1 Ans. 3/j^,y lb. 

30. How many gallons of brandy at 25 cts. per gal,, and how 
^mch water must be mixed with 5 gallons of brandy at 40 cis. 
per gal., that the adulterated compound may rate at 30 cts, per 
gal.'i Ans. If gal, of each. 

31. A, B, and C form a partnership for 12 months. A and B 
at once advance $2500 each as their portion of the capital stock. 
At the end of 3 months C advances $3000 ; and B withdraws 
$1000. The profits amount to $1500 : what is the share of 
each 1 Ans. A's $576,923', B's $403,846', C's $519,230'. 

32. How many ounces of gold 18 carats fine, must be com- 
pounded with 5 oz. 23 carats fine, and 8 oz. 22 carats fine, that 
the compound may be 20 carats fine 1 Ans, 16^ ounces. 

33. In a joint speculation, A had ^ of the capital for 6 
months, B | of it for 9 months^ and C the remainder for 12 
months. The loss amounted to $500 : what loss should be 
sustained by each 1 

Ans. $80,645' by^A, $193,548' by B, $225,806' by C. 

34. A merchant has four kinds of coflfee, worth, respective- 
ly, Sets., 12 cts., 14 cts. , and 20 cts. per lb. What quantity of 
each kind must be taken to form a mixture of 100 pounds, 
which shall rate at 15 cts. per pound 1 

Ans. 4Q^ lb. at 20 cts., Id^^lb. at each of the other rates. 

35. The sum of $3000 is to be divided between A, B, C, and 
D in such a manner that A's share shall be to B's as 2^ to 3 ; 
B's to C's as 3 to 4, and C's to D's as 5 to 6. What will be 
the share of each? Ans. A's $524,475', B's $629,370', C's 
$839,160', D's -$1006.993'. 

36. If 20 bushels of wheat be worth 37j6tt. of rye, and 3j 
bu, of rye be worth 1 barrel of corn, and 2 barrels of corn be 
worth 9 bu. of oats, and 25 bu. of oats be worth 1 ton of 
hay ; how many tons of hay should be exchanged for 100 
bushels of wheat 1 Ans. 9^ tons 
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CHAPTER X. 

PERCENTAGE, AND ITS ArPLICATIONS. 

PERCENTAGE. 

§ ^44* Percentage is an allowance at a certain rate for every 
hundred. 

The Latin /«r centum j or its contraction, per cent, signifies 
hy the hundred. 

One per cent, on any number is one for every hundred ; two 
per cent, is ttvofor every hundred; and so on. 

Chie per cent, on any sum of money is $1 for every $100 ; 
tivoper cent, is $2 for every $100 ; and so on. 

What is meant by 3 per cent.? By 4 per cent.? By 6 per cent' 
How much is 1 per cent, on $100 1 On $2001 On $400 1 
How much is 2 per cent on $100 ? On $300 ? On $500 ? 
How much is 3 per cent on $100 ? On $400 1 On $700 1 

Hatio of Percentage. 

§ 245* The ratio of percentage is the rate per cent, divided 
by 100. It is usually expressed decimally, by making two in- 
tegral figures decimals in the rate per cent.-r-prefixing Os when 
necessary. 

Thus 1 per cent, on any number is yj^j, or .01, of that num- 
ber; the fraction' J J^, or .01, being the ratio of percentage for 
1 per cent. 

What is the ratio for 2 per cent? For 3 per centi For 4 per cenf 
For 5 per cent? For 6 per cent? For 10 per centi 

§ 246. When the rate per cent, is a mixed number , or a 
proper /roc^tcw, the ratio of percentage will be a wwjed/j'oc/iow, 
which may be reduced to a simple fraction. 

Thus the ratio for 2j per cent, is — =.02i=.025; and the 

% 
ratio for J per cent., that is, | of 1 per cent. isrx^=.0076. 

What is the ratio for ^ per centi For i per centi For 1^ per cent? 
For H per cent? For aj per cent.'' For 6^ per centi 
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i 347. The ratio of percentage multiplied by 100 produces 
the rate per cent. Thus the ratio being .03, the rate per cent, 
is .03X100=3. 

The rate per cent, is readily found from the decimal ratio, by 
nftiking two decimal figures in the ratio integral. 

Thus the ratio being .0125, the rate per cent, is 1.25=14:. 

If the ratio is .01, what is the rate per cent.1 If the ratio is .02 1 If 
the ratio is .015 1 If the ratio is .0225 ] If the rjatio is .0375 1 

Bam of PercerUage, 

§ d4§« The sum or number on which percentage is com- 
puted, at any given fate, may be called, for convenience, the 
basis of percentage. 

Thus when we say, 2 per cent, on $300, the basis of percent- 
age is 



If the rate per cent, is 2, and the amount of percentage $4, what is 
the basis of percentage ? If the rate per cent, is 3, and the amount 
of percentage $9 1 If the rate per cent, is 4, and the amount of per 
centage $12 ? If the rate per cent, is 5, and the amount of percentage 
$20 1 If the rate per cent, is 6, and the amount of percentage $30 1 

PERCENTAGE ON A GIVEN NUMBER. 

RULE XLIX. 

§ 249. To find an amount of percentage on a given number. 

Multiply the given number, or basis of percentage, by the ratio 
of percentage ; the product will be the amount of percentage. 

EXAMPLE. 

To find 6 per cent, on $150. 

The ratio of percentage is jj5=.05. (§ 245). 

Then $150X'05=$7.50, the amount of percentage. 

Observe that 5 per cent, on $150, is jf^ of $150, and mul- 
tiplying by a fraction finds such a part of the multiplicand as 
is expressed by the multiplier. 

By Proportion. $100 : $150 : : $5 : Amount of percentage. 

From a given Amount of Percentage, to find the Basis of 

Percentage, 

From the preceding Rule it follows, that 

$ 250. The amount of percentage divided by the ratw of 
percentage, gives the basis of percentage. 
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INSURAN C£ . 

$ 35 !• Insurance is an obligation assumed by a company, 
or an individual, to pay for the loss or damage of property by 
fire, shipwreck, or other cas jalty. 

The Policy is the certificate of insurance issued by the in- 
surersy sometimes called the underwriters, to the person insured. 

The price or Premium paid for insurance is usually a specified 
percentum on jthe amount insured. 

EXERCISES. 

1. What would be the annual premium of insurance on a 
house, valued at $3600, at 1 per cent? Ans, $35. 

2. What would be the annual premium of insurance on a 
manufactory, valued at $20000, at 1^ per cent.? Ans. $300. 

3. What would be the insurance on a shipment of goods 
amounting to $5200, from New York to New Orleans, at 1^ 
per cent.? Ans. $65. 

4. What would be the insurance on a ship and cargo, from 
New York to Liverpool, the ship being valued at $30000, and 
the cargo at $42000, at l| per cent.? Ans. $1260. 

6. The annual insurance on a paper mill, at 2 per cent., 
amounts to $165.60. What is the value insured ? 

Here the amount of 2>ercentage is giveuy to find the basis of 
percentage. ,(§ 250). Ans. $8275. 

6. The policy of insurance on a shipment of cotton, at J 
per cent, costs $75. What was the amount insured 1 

Ans. $10000. 

7. A gentleman procures an insurance on his house and fur- 
niture, valued at $7500, at f per cent, per annum. What is 
the annual premium to be paid ? Ans. $46,875. 

8. The annual insurance on a manufactory, at H per cent., 
amounts to $250. What is the amount insured ? Ans. $20000, 

9. What would be the cost of insurance on a store house, 
valued at $5000, and a stock of goods amounting to $7500.50, 
at 2i per cent.? Ans. $312.51'. 

10. A steamboat is valued at $35000, and the proprietors of 
it obtain an insurance on f of its value, at 3^ per cent. Re- 
quired the amount of premium to be paid ? Ans. $853,125. 

11. An upholsterer has his warehouse, valued at $8000, 
insured to the amount of } of its value, at 1^ per cent, per 
annum ; and $10000 worth of furniture insured at l| per cent, 
per annum. What does he pay for insurance annually ? 

Am. $271.. 
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DUTIES. 

§ 3<I2* Duties, in commerce, are certain charges, imposed 
by Government, on articles imported from foreign countries. 
These duties are paid in the Custom Houses established in the 
several |>orfe of entry of foreign trade. 

A specific duly is a specified charge on the quantity ; as on a 
yardy pound, gallon, &c., of the article. 

An ad valorem duty is a specified percentum on the cost of 
the articles in the country from which they were imported 
(JLd valorem is a Latin phrase which signifies, according to value.) 

An invoice is a written statement of articles and their cost. 

Tare, Draft or Tret, and Leakage, are allowances made for 
the weight of the box or cask, &c., containing the articles; 
or for waste, leakage, &c., before the duty is computed. 

12. What would be the amount of duty on an invoice of 
broadcloth amounting to $6465.75, at 30 per cent.? 

Atw. $1639.725. 

13. What would be the amount of duty on an invoice of 
philosophical instruments, amounting to $30200, at 26 per cent.? 

Ans. $7650. 

14. The duty on a box of goods, at 12^ per cent., amounted 
to $65 ; what was the amount of the invoice ? Ans, $520. 

15. A lot of cutlery was purchased in Sheffield for $575. 18 J. 
What would be the amount of duty on it at 9 J per cent.? 

Ah8. $54,642'. 

16. An invoice of Irish linens paid a duty of $330. What 
was the amount invoiced, the duty being 3^ per cent.? 

Ans. $1000. 

17. A quantity of ready-made clothing was purchased m 
Paris for $1534.12^. What would be tiie amount of duty to 
be charged, at 15 per cent.? ^ Ans. $230,118'. 

18. An invoice of silk was purchased in Canton for 
$12000.26, what is the amount of duty to be paid, at 10 per 
cent.? Alts. $1200.025. 

19. The duty on an importation of iron, at 20 per cent., 
amounted to $15000. For what sum then was the iron pur- 
diased abroad I Ans, $75000. 

20. What would be the amount of dut^ to be paid on 3 cwt 
Zqr. 202&. of steel, purchased at $21.12| percxot., — at 9 pex 
cent? Atis. $7.46*. 
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ONE GIVEN NUMBER A FEECENTAGE ON ANOTHER. 

RULE L. 

§ 253. To Jind what p^rcentum one given number is of 
iiwther. 

Divide the number which is made the percenUtge by that 
«rhich is made the hcLsis of percentage. The quotient will be 
the ratio of percentage; and this quotient multiplied by 100, 
^iil produce the required rate per cent, 

example . 
To find what pereentum $9 is of $150. 

9-i_150=.06, the ratio of percentage ; 
and .06 X 100=6, the required rate per cent. (§ 247). 
This Rule follows from the preceding one. (§ 249). 
Proportion. $160 : $100 : : $9 : the required rate per cent 

TAXES . 

§ idM. Taxes are contributions in money, imposed by Gov- 
eriiment on property, and frequently on persons, for public 
purposes. x 

A poU or capitation tax is a tax on the person, without regard 
to property. A tax on property is sometimes specific, that is, a 
specified sum on certain articles ; but it is most commonly ad 
vdloremy or a specified pereentum on the value. 

EXERCISES. 

21. A person paid a tax of $52.88J on $35&5.60 worth of 
property ; at what rate per cent, was the tax assessed "J 

Ans. 1^ per cent. 

22. The property of a town amounts to $50000, and the 
citizens resolve to tax it to the amount of $1125, for public 
improvements. At what pereentum must the tax be laid ] 

Ans. 2^ per cent. 

23. Allowing a gentleman to pay a tax of $1379.16f, on 
property amounting to $82750, at what rate per cent, is the 
tax assessed 1 Ans, If per cent. 

24. A citizen pays taxes as follows, viz : for three polls at 
$1.25 ; on a carriage $10 ; on silver plate valued at $500, 3 
per cent.; on $15000 of other property, ^ per cent. What 
amount of tax does he pay? Ans. $141.25. 

25. The taxable polls in a State amount to 325830, and are 
assessed at $1,124. The landed property in the State is val- 
ued at $38400000 ; at what pereentum must the land be taxed, 
that the revenue from both sources may amount to $462558.75 ? 

Ans* i per cent 
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A Required 2hi'n\her, increased by a Percentum of itself, 

equal to a CHven Number, 

, RULE LI. 

§ 2d»5. To find a number which, increased by a specified per 
CENTUM OF ITSELF, sholl be equoL to a given number. 

Divide the given number by 1 plus the ratio of percentage : 
the quotient will be the number required. 

EXAMPLE. 

What number, increased by 6 per cent, of itself, is equal to 
210? 

The ratio of percentage is .06 ; and l-j-'OS is 1.06. 

Then 210-^1.05=200, the number required. 

Proportion, 100-(-6 : 100 : : 210 : the number required. 

(j[> The reason of the Rule is evident from considering that, as the 
required number multiplied by 1-^ the ratio of percenlage, would be 
increased by the specified percentum of itself, and thus be equal to the 
given number; so the given number divided by 1-^ the reUio of per- 
centage, will give the required number. 

In the example, 200X1 '05=210, which is 200 increased by .05 of 
200; then 210"r-1.05 gives 200, the required number. ^ 

COMMISSION. 

§ 250. Commission is a compensation to an Agent, Factor, 
or Commission Merchant, for buying or selling for another ; 
and is usually reckoned at a certain percentum on the amount 
of purchase or sale. Bboeebage is a commission charged by 
Brokers, or dealers in mxmey, stocks, &c., on the amount of 
exchange, piu'chase or sale, which they effect for another. 

exercises. 

26. An agent receives $500 to purchase goods — ^himself to 
retain a commission of 2 per cent, on the amount of purchase. 
What is the amount of purchase to be made ? 

Ans. $490,196'. 

27. A factor receives a remittance of $1200 to purchase 
cloth, at a commission of 1 J per cent, on the purchase. What 
will be the amount of purchase 1 Ans. $1186.186'. 

28. A commission merchant sold goods amounting to 
$1786.81^ ; at a commission of 1^ per cent. What sum must 
the merchant pay tp the owner of the goods 1 

Ans. $1759.025'. 

29. An agent is Intrusted with $460 to purchase iron. His 
commission being J per cent, on the purchase, how many tons 
of iron can he buy at $30 per ton ? Ans, 14.888' T, 
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30. A, as factor for B, sells 60 bales of cotton, averaging 
450 pounds, at Hcts, per lb, — commission Ij per cent. With 
the proceeds A purchases for B, a supply of provisions,— com- 
mission ^ per cent, on the purchase. What sum is expended 
for provisions 1 Ans. <pl649.7r. 

A Required Number, diminished hy a PercerUum of itself, 

equal to a Given Number, 

RULE LII. 

^ 25*7. To find a number which, diminished hy a specified per^ 
centum of itself, shaU be equal to a given number. 

Divide the given number by 1 minus the ratio of percentage . 
the quotient will be the number required. 

EXAMPLE. 

What number diminished by 6 per cent, of itself, is equal to 
1901 
The ratio of percentage is .06 ; and 1 — .06 is .96. 

Then, 190-s-.96=200, the number required. 
Proportion, 100 — 6 ; 100 : : 190 : the number required, 

QTj* The reason of the Rule is evident from considering that, as the 
reqtdrtd number multiplied by 1 minus the ratio of percentage, would 
be diminished by the specified per centum of itself, and thus be equal to 
the given number ; so the given number divided by 1 minus the ratio 
of percentage, "will give the required number. 

In the example, 200X1—05=190, which is 200 diminished by .06 
of 200; then 190-r-l — .05 or .95=200, the required number. ^ 

STOCK. 

§ 25§. Stock, or Capital, is money or other property em- 
ployed in any way to produce a profit ; as in manufactures, 
banking, &c. Bonds of the Government are also called Gov- 
ernment Stock. 

The stock of a Company is divided into shares, usually of 
$100 each ; and the owner of one or more shares is called a 
Stockholder. 

The nominal value, or par value of a share of stock, is its 
first cost, or the sum originally invested in it. 

Stock is said to be above par, at a premium, or an advance, 
when it sells for more than its nominal value ; and bdow par, 
or at a discount, when it sells for less than its nominal value. 

The rise or fall of stock is expressed by a percentum on its 
Tiomindl or par value. 
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EXERCISES . 



31. When bank stock sells at 6^j)er cent, below par, what 
nominal amount of stock can be bought for $945 1 

The nominal amount is sttch, that, when diminished hy 5^ per- 
jentum of itself, it will be equal to $945. Ans. $1000. 

32. When rail road stock sells at a discount of 7 J per cent., 
what nominal value of it can be bought for $2775 1 

Ans. $3000. * 

33. What nominal amount of stock in an insurance office, 
at an advance of 5 per cent., can be purchased for $2100 ? and 
tvhat amount in another, at a discount of 5 per cent., can be 
purchased for $1900 i At^. $2000 in each. 

34. What amount of stock in the capital of a manufacturing 
company, at a discount of 3^ per cent., can be purchased for 
§1930 ] and what amount in another, at an advance of 4 per 
jent., can be purchased for $3120. 

Ans. $2000 ; and $3000. 

35. A merchant ships, from New York to Charleston, a stock 
of goods amounting to $5000. He w^ishes to insure for a sum 
which shall cover both the value of the goods, and the premium 
for insurance. For what amount must the policy be taken, at 
i per cent? 

The amount of the policy, diminished by ^ per cent, of itself, 
will be $5000. Ans, $6026.126'. 

36. A manufactory valued at $2500, is insured, at Ij per 
cent., in such a sum, that, in case of a total destruction of the 
establishment, the proprietors may claim, at the insurance 
office, the value of the property, together with the premium 
Daid for insurance. What was the amount insured ? 

Ans, $2631.646' 
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- PERCENTAGE OF PROFIT AND LOSS. 

The preceding Rules of Percentage are applicable to various 
questions relating to profit and loss in trade. This application 
of the subject will be seen in the following Exercises. 

It inust be carefully observed that, 

§ 259. In calculating the Percentage of Profit, or Loss, in 

trade, the cost of the cojnmodity is always regarded as the 

lasis of percentage (§ 248). 

The amount of Profit or Loss found from the Cost, and the 

percentum of Profit or Loss. 

§ 260. The amount of profit or loss is the amount of per- 
centage on the cost, at the given rale per cent, of profit or loss. 
(§ 249). 

When the rate per cent, is an aliquot part of 100, the amount 
of percentage will often be found, most readily, by taking 
mchpart of the cost, or basis of percentage. 

EXERCISES. 

1. A merchant bought a quantity of cloth for $330, and 
sold the same at a profit of 33J per cent. What amount of 
profit did he make. 

The amount oj profit is $330 X -33 J; or since the rate per 
cent. 33^ is J of 100, the answer will be found, more readily, 
by taking J of $330. Ans, $110. 

2. A grocer bought a hogshead of sugar for $66.76, and 
sold it at a profit of 12 J per cent. What amount of profit did 
he make] 12^ is J- of 100. Ans. $6,968'. 

3. A merchant bought silk for $160, and, on account of its 
becoming damaged, sold it at a loss of 5 J per cent. " What 
amount of loss did he sustain ? Ans. $8.80. 

4. A flour dealer bought 130 barrels of flour, at $4.12^ per 
barrel, and sold it at a profit of 10 per cent. What amount 

' of profit did he make 1 ' Ans. $63,625'. 

6. A person purchased 25 barrels of dried apples, at $2.12^ 
per barrel. On account of damage received, he must sell them 
at a loss of 15 per cent.; what amount of loss will he sustain' 

Ans. $7,968'. 
6. A grocer purchased 100 gcd. Zqt^ of wine, at $.61 J per 
gallon. He sold one half of the wine at a profit of 40 !^er 
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cent, and the other half at a profit of 33^ per cent.; what 
amount of profit did he make ? Ans. $22,625'. 

The price in selling found from the Cost, and tlie percerUzan 

of Profit or Loss. 

§ 361* The price in selling at a prqfit is equal to the cost 
-4- the percentage on the cost ; and the price in selling at s 
loss is equal to the cost minus the percentage on the cost. 
(§249). * 

7. A farmer bought land at $44.75 per acre, and immedi- 
ately sold it at an advance of 25 per cent. At what price per 
acre was the land sold ? * Ans, $55,937*. 

8. A quantity of Irish linen was bought at $.62^ per yard; 
but, becoming damaged, is to be sold at a loss of 12^ per cent. 
Required the selling price per yard ] Ans, $.54jJ. 

9. A manufacturer sold cotton cloth at a profit of 20 per 
cent, on the cost of making it, which was $.12 J per yard. 
At what price was the cotton sold] Ans, $.15. 

10. A grocer purchased cofiee at $10.50 per cwi. From 
a depreciation in value, the cofiee must be sold at a loss of 3^ 
per cent. What will be the selling price per cwtA 

^ Ans, $10,132'. 

The Cost found from the amount of Prqfit or Loss, and the 

percentum of Prqfit or Loss. 

§ 263« The cost is the sum or basis on which the amount 
of profit or loss is the specified per centum, (J 250.) 

11. By selling a lot of iron at an entire profit of $22.50, 1 
made 9 per cent, on the cost. What did I pay for the iron ? 

Ans: $250. 

12. An agent sold a consignment of flour at a profit of $.35 
per barrel, which was 10 per ceat. on the cost. What did 
the flour cost per barrel? Ans, $3.50. 

13. A merchant sold broadcloth at an advance of 33^ per 
cent., and in so doing realized a profit of $2 per yard 1 What 
did the cloth cost him per yard 1 ^ Ans, $6. 

14. A commission merchant sold a consignment of hats at a 
loss to the manufacturer of $12 per dozen, and 25 per cent. 
What was the cost per dozen to the manufacturer 1 

Ans, $48. 

15. A speculator purchased a quantity of pickled pork, which 
he disposed of at a profit of 20 per cent. — this being a profit o^ 
$2.50 per barrel. What did he pay per barrel ? 

Ans, $12.50 
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16. A broker purchased railroad stock for $450 lesa than its 
nominal value ; and that was at a discount of 9 per cent. 
What was the par value of the amount of stock purchased 1 

Ans, $5000. 

The percentum of Profit or Loss found from the Cost, and 

the amount of Profit or Loss, 

§ 363. The percentum of profit or loss is the percentum 
that the amount of profit or loss is of the cost, regarded as the 
basis of percentage. (§ 253). 



17. If silk were purchased at $1.50 per yard, and sold at 
per yard, what would be the gain per cent.'? 

Ans, 33j^ per cent. 

18. If a lot of books be purchased at $2.50 per dozen, and 
sold at $3 per dozen, what will be the gain per cent.l 

Ans. 20 per cent. 

19. A merchant bought hats at $36 per dozen, and sold them 
at $4.62 apiece. What was his gain or loss per cent.1 

Ans. Gain 54 per cent. 

20. A shop-keeper bought shoes at $18.75 per dozen, and 
sold them at $1.37^ a pair. What was his percentum of 
profit or loss. Atis. Loss 12 per cent. 

If the shoes had been sold at $1.93 J a pair, what would have 
Been the percentum of profit or loss } 

Ans. Profit 23.733' per cent. 

The Cost found from the Price in selling and the percentum 

of Profit or Loss. 

§ 264. The cost is such that, when increased by the speci- 
fied percentimi of itself, it will equal the price in selling at a 
profit; or diminished by the specified percentum of itself, will 
equ^l the price in selling at a loss. (§ 255 and § 257). 

21. A grocer sells sugar at $.12^^ per lb., and in so doing 
makes a profit of 25 per cent What did the sugar cost per 
pound? *, Ans. $.10. 

22. A merchant sold a lot of damaged flour at $3.75 per bar- 
rel, — sustaining a loss of 12j per cent. What did the flour 
cost per barren Ans. $4,285. 

23. A drover sold a lot of cattle for $900; which was 20 
per cent, more than he gave for them. What did he pay for 
them 1 ^ Ans. $750. 
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24. What does a shop-keeper pay for tea, when, by selling it 
at $1.25 per pound, he makes a profit of 26 per cent. 1 

Arts. $1. 

26. A manufacturer sold a lot of shoes for $400 ; which was 
33J per cent, advance on the cost of making them. What 
amount of profit did the manufactuier realize ] Ans. $100. 

26. A gentleman sold his stock of household furniture for 
$3200.60 ; which was at a loss of 22 J per cent, on the cost 
of it. What amount of loss was sustained on the furniture ? 

Ans, $929,177*. 

27. A merchant bought a piece of cloth containing 34 yd. 3 
^., at $4.87^ per yard, and sold the same at a profit of 30 per 
cent. What amount of profit did he make 1 

Ans. $50,821'. 

28.. An upholsterer bought a piece of carpeting containing 
41 yd. S^qr., at $1.12^ per yard. For what sum must he sell 
the whole to realize a profit of 33 J per cent.] 

Ans. $62,812'. 

29. A grocer having sold a lot of liquors for $375.50, finds 
that his profit is at the rate of 26 per cent. For what sum 
were the liquors purchased ] 

The cost is such that, when increased by 25 per cent, of 
itself, it is equal to $375.60. Am. $300.04'. 

30. A speculator sold a quantity of flour for $800.26, and 
found that he had sustained a loss on it of 3^ per cent. For 
what sum was the flour purchased 1 Ans. $829,274'. 

31. A manufacturer made 300 yd. 2iqr. of woolen cloth, at 
a cost of $3.18^ per yard. For what sum must the whole be 
sold to clear 15 per cent.] Ans. $1U0 1.748'. 

32. A farmer bought a tract of land for $3000. Having put 
improvements on the land at an expense of $735.37^, for what 
sum must the whole property be sold to realize a gain of 20 
per cent.] Ans. $4482.45'. 

33. A merchant bought ZOyd. of silk at $.87^ per yard. 
HaVing sold one half of the sllV at $1.25 per yard, what will 
be his per centum of profit on Ae whole if the other half be 
sold at $1.18 J per yard ] Ans. 39.285' per cent. 

34. Sold a quantity of bacon at $.12^ per pound, and in so 
doing made a profit of 25 per cent. If it had been sold at 
$.09 per pound, what would have been the percentum of profit 
or loss ] Aus. 10 per cent. loss. 

First find the cost, and thence the percentum of profit or loss 
at the latter price. 
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EXERCISES ON CHAPTER X. 

1. A person insured his houo? and furniture in the sum of 
#5000, for &ve years, at 2^ per ont. annually. What amount 
of premium did he pay ? A7is, $662.60. 

2. An invoice of foreign manufactured articles, amounting 
to $1300.87, is chargeable at the custom house with a duty 
of 20 per c6nt. What is the amount of duty to be paid ? 

Ans. $260,174. 

3. The tax on a certain landed estate amounts to $734.26. 
What is the estim&ted value of the estate, the tax being levied 
at J per cent.1 Ans. $97900. 

4. A broker's commission on a purchase of bank bills 
amounting to $1000, was $2.60. At what percentum waa 
commission charged ? Ans. ^ per cent. 

5. An agent receives $3000 to purchase merchandise, — 1^ 
per cent, on the amount of purchase to be retained. What 
amount of purchase can the agent make ? Ans. $2962.96'. 

6. What nominal amount of stock in the capital of a road 
company, at 10^ per cent, below par, could be bought for 
$1342.60? Ans. $1600. 

7. A merchant bought 75 yards of cloth for $262.60. Its 
transportation cost $5.18f, and the insurance on its transpor- 
tation J per cent. At what price per yd. must it be sold to 
clear 33|- per cent.1 Ans. $4,770'. 

8. The property of a city amounting to $5000000, is to be 
taxed to the amount of $100000, for the purpose of construct- 
ing a railroad. At what percentum must the tax be laid ? 

Atis. 2 per cent. 

9. Bought a quantity of wheat for $700.62^. Paid for 
transportation, and other charges on it $43.06^ ; and sold it 
at a profit of 16 per cent.; what was the amount of profit 
made? * Ans. $111,563. 

10. A grocer bought coffee at $.10 per pound, and sold the 
same at $.12^ per pound. What percentum of profit did he 
make on the coffee 1 Avs. 26 per cent. 

11. A merchant sold a lot of cloth at $6.50 per yard, and 
thus realized a gain of 25 per cent. If the cloth had been 
sold at $5 per yard, what would have been his percentum of 
gain or loss ? Ans. 3f ^ per cent. loss. 

12. Find the amount of stock in an insurance office, at 10 
per cent, advance, that could be bought for $440, and the 
amount in a canal company, at 10 per cent, discount, that 
could be bought for $1000. Ans. $400 ; and $900. 

13. A bought 200 head of cattle, for $1700. He sold to B 
one fourth of the number, at $13.26, and the remainder to C, 
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at 1^15.37^ a head. What per centam of profit or loss did A 
realize on his cattle 1 Am, Profit 74.632' per cent. 

14. A commisBion merchant is to sell 12000 2&. of cotton^ 
and invest the proceeds in sugar,— retaining if per cent, on 
the sale, and the same on the purchase. Cotton selling at 7 
ets. and sugar at ^cto.^a 22)., what quantity of sugar can the 
merchant huyl Ans, 16222.11' pounds. 

15. On a stock of leather, sold at 18f per cent, profit, a mer* 
ehant clears $237.50. At what cost was the leather hought ** 

Ans, $1266.666' 

16. A church which cost $20000, is insured at ^ per cent., 
in such a sum, that, in case of its being destroyed by fire, the 
insurance company shall be liable for the cost of the building, 
and the premium of insurance* For what amount is the insur- 
ance taken ? Ans, $20050.125'. 

17. By selling a piece of damaged silk at $1.25 a yard, a 
merchant sustains a loss of 16f per cent. At what price was 
the silk purchased, and what was the atnount of loss on 20 
yards ? Ans. $1.50 ; and $5. 

18. A broker piu'chased for another $3000 of canal stock, a'l 
an advance of 3 percent.; and charged a commission off per 
cent, on the sum disbiu'sed. What did the broker pay for the 
stock, and what is his commission ? 

Ans, $3090 ; and $23. 175. 

19. A commission merchant sold a lot of cloth for $200 ; at 
a profit to the owner of 20 per cent. If the cloth ha been 
sold for $175, what would have been the percentum of profit 
or loss to the owner, — ^the commission in each case being 2 
per cent.1 Atw. Profit, 5 per cent. 

20. Put into the hands of a broker $1000, in bank bills at a 
discount of 10 per cent. The broker was to purchase stock in 
the capital of a mining company, and have H per cent, on the 
nominal amount of the stock purchased. The stock is bought 
at 55 per cent, below par ; what amount of brokerage do I 
have to pay ? Ans, $25. 
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CHAPTER XI. 



IHTEBEST. — ^DISCOUNT. — EQUATION OF FATMEKTS. — COMFOUITD 

INTEEEST. 

INTEREST. 

§ 36t(* Interest is the price or premium paid for the use of 
m<mey, and is reckoned at a certain percentum, annually, on 
the sum for which it is paid. 

Thus, if A lends B $600 at 6 per cent., for 3 years ; at the 
end of that time, B must return the $500, and pay to A, as 
interest, $6 on each $100, for each of the 3 years. 

The Prijicipal is the sum for which Interest is paid — ^the 
Amount is the sum of the Principal and Interest. 

What is the interest of $100, for one year, at 6 per cent? For 2 
years 1 For 3 years 1 For 5 years 1 For 9 years ? 

What is the interest of $200, for one year at 7 per cent? For 3 
years 1 For 4 years ? For 8 years ? For 10 years 1 

What is the amount of $100, for one year, at 6 per cent.? Of $200 
for 2 years ? Of $300 for 3 years ? Of $1000 for 4 years ? 

Legal Interest. 

§ 266« The legal rate of interest is the rate prescribed by 
law. 

On debts in favor of the United States, interest is computed 
at 6 per cent. 

In the individual States, the legal rate of interest is 6 per 
cent., with the exceptions that 

In New York, South Carolina, Michigan, Wisconsin, and 
Iowa, it is 7 p%r cent.; in Georgia^ Alabama, Mississippi, and 
Florida, it is 8 per cent.; in Texas, 10 per cent.; in Louisiana, 
5 per cent., excepting that in the Louisiana banks it is 6 per 
cent. 

Usury. 

§ !!^G'7« Usury is any rate of interest above the rate allowed 
bu law. The taking of usiuy is prohibited by law, in the 
different States, under various penalties ; such as a ibrfeiture 
of double the usury, a forfeiture of the usury and a part of the 
debt, &c. 
14 
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In some of the States, the law sanctions a rate of interest 
higher than the prescribed legal rate, when the higher rate has 
been stipulated for between the debtor and creditor. The limit 
to such stipulated rate of interest is usually 10 or 12 per cent.; 
but in the State of Wisconsin the law sanctions any rate which 
may be agreed upon between the parties. 

RULE LIU. 
^ 268* To calculate interest on any sum of money, 

1. Multiply the Principal by the ratio of percentage ; the 
product will be the interest for ome year. 

2. Interest for any number of years is found by multiplying 
one year's interest by that number. 

3. Interest for months and days may be found by taking 
proper parts of one yearns interest, — in which case, reckon 12 
months to a year, and 30 days to a month. 

EXAMPLE. 

Find the interest on $220. 12^ for 4ty. T m. 10 da. at 6 per 
cent. 
The ratio of percentage is .06 ; (§ 245). 

$220,126 
.06 

The int. for 6 m. is ^ of 13.20750, the int. for one year. 

4 

52.8300 the int. for 4 5/ears ; 
« « for l7n. islof 6.6037'" " for Q months, 
« " for 10 rfa. is I of 1.1006' " « fori month; 

.3668' " " for 10 days. 

$60.9011 " " for 4y. 7m. 10 da. 

Finding the interest for one year, is the same as finding 6 per 
cent, on the principal; (§.249). The interest for 1 m. Wda. 
is found by aliquot parts; (§ 208). 

The several parts of the interest added together, make the 
whole interest. 

By Compound Proportion. The question may be stated thus: 

If the interest on $100 for one year, be ^6 ; what will be 
fehe Interest on $220. 12 J, for 4 years, 7 months, and 10 days « 

Hence, f 100: f220.12i ) . . ^g . Merest rehired, 

ly. : 4 y. 1 m. 10 da. ^ ^ ^ 
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Note, In calculating interest for montJis and days, strict 
I ccuracy would require that the number of days in those months 
be taken, and 366 days allowed to a year. The method by the 
preceding Rule is commonly used, for convenience, though it 
allows but 360 days to a year. 

EXERCISES. 

1 . A borrowed of B $500, at 6 per cent, interest, for 2 years 
5 months, and 12 days. What did the interest amount to 1 

Am, $73.50. 

2. C loaned to D $750.50, for 1 year, 8 months, and 20 days, 
8^7 per cent, interest. What did the interest amount to 1 

Ans. $90,476'. 

3. Borrowed of my neighbor $175.25, at 6 per cent, int est. 
What amount will I owe him, if the money be kept 3 y. llmA 

Ans. $216,433'. 

4. Loaned to a friend $436.75, at 5 per cent, interest. What 
amount of money will discharge the debt, at the end of 1 y. 2 
m.lbda.'S Ans. $463,136'. 

6. An account with a merchant, amounting to $75.87^, bore 
interest, at 6 per cent., for 2y. Am, lOda, What sum was 
then required to pay oiF the principal and interest 1 

Ans, $86,623'. 

6. A farmer hired a laborer 12 months, for $125. Having 
deferred the payment of his wages for Zy. \m, 25 <^., what 
amount should the farmer now pay, allowing interest at 6 per 
cent.? Ans, $148,645'. 

7. Bought a plantation for $6000 ; of which one fourth is 
to be paid iniiand, and the remainder in 2 y. 6 m., with interest 
at 8 per cent. What will be the amount of the remainder, at 
the expiration of the credit \ Ans, $5400. 

8. A person buys a house for $3600, to be paid in 3 equal 
instalments, in one, tWo, and three years, with interest at 6 
per cent, from the time of purchase. What will be the entire 
amount of principal and interest 1 Ans. $4032. 

9. A speculator borrowed $5000, which he immediately in- 
vested in land, and in 6 months sold the land for $7500, on a 
credit of 12 months, with interest from the time of sale. 
Money being at 6 per cent, interest, what is the speculator's 
gain or loss at the end of the 12 m.\ at which time he pays the 
$5000 1 Ans. Gained $2500. 

10. A planter consigned to a commission merchant 45000 
Ih. of cotton, which the latter sold at 9 J cts. per lb. — commis- 
sion ^ per cent. The proceeds due the planter were not paid 
until the expiration of \y. and 10 m.; what was the amount at 
that time, allowing interest at 7 per cent.1 An>s. $4799.506'. 
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A Concise Method of Compudng Interest at 6 per cent, for 

Months and Days, 

Reckoning 12 months, of 30 days each, to a year. 

§ 369. To Jind the interest at 6 per cent, for a number oj 
monihs — multiply the principal in dollars by the number of 
months, and divide the product by 200 \ and 

For a number of days — multiply the principal in dollars by 
the number of days, and divide the product by 6000. 

The divisions may be abbreviated by rejecting the Os Irom 
the divisors ; (§ 152). The quotient, in each case, will be the 
interest in dollars, 

EXAMPLES. 

1 . To find the interest of $50 for 1 1 months, at 6 per cent. 

• $50X 1 1=$560 ; and $660-r-200=$2 .76. 

The two integral Os may be omitted in the divisor 200, if 
we make two integral figures decimals in the dividend $550. 

We shall then have $5.50-^2=$2.75. 

2. To find the interest of $50 for 19 days, at 6 per cent. 

$50X19=$960; and $950-^6000=$. 168'. 

We may omit the three Os in the divisor 6000, by making 
three integral figures decimals in the dividend $960. 

We shall then have $.950-^6=$. 158'. 

3. The interest of 60 cents, for 1 1 months^ would be 
$.50X 1 l-^200=$5.60-i-200, or $.0550-i-2,=$.027'; 

and for 19 days, it would be 

$.50Xl9-^-6000=$9.50^6000, or $.00950-f-6,=:$.00l'. 

(Xj* The interest for 1 year, or 12 months, is yj^ of the principal ; for 
one month it is ^ of that, that is, -X^ of j J5=T/ff|^=yiiy of the prin- 
cipal ; and the interest for 1 m. multiplied by the given number of months, 
will give the interest for that number of months ; hence we find 200 for 
a divisoTf and the given number of months for a multiplier. 

Again. The interest for 1 day is ij^ of the interest for 1 month, &at 
is, ^ of ^ijf=jfjfifjf of the principal ; and the interest for 1 da. multi 
plied by the given number of days, will be the interest for that number 
of days ; hence we find 6000 for a divisor, and the given number of days 
for a multiplier. Jp) 
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Whe^i the Rate of IrUerest is greater or leas tluxn 6 per cent. 

$ 270. Haying found the interest at 6 per cent., f of that 
intereat will be the interest at 6 per cent.; J of it will be the 
interest at 7 per cent.; and in like manner for any other rate. 

We may here remark that, as 366 d&ys make a year, the 
interest found from allowing but 360 days to a year, id greater 
than the true interest in the same ratio in which 360 is less than 
366. 

360 is less than 366 by ^1^=1^1^ of 366 ; hence the interest 
found for days by the preceding methods, should be diminished 
by ^ of itself for the true interest for the given time. These 
methods are, however, in general use ; and, having thus the 
general consent, are to be considered as correct. 

By these methods perform the following 

EXEBGISES. 

11. Find the interest on $64 for 6 m, 20 da., at 6 per cent. 

First find the interest for 6 «i., and then for 20 da., and add the 
two together for the whole interest. Ans. $1.80. 

12. Find the interest on $100 for 9 m., ISflfa., at 6 per cent. 

Ans. $4.80. 

13. Find the interest on $230 for 11m. 16 da., at 6 per cent. 

Ans. $13.22^. 

14. Find the interest on $1234.76 for 120 (2a., at 6 per cent. 

A715. $24.69^. 
16. Find the interest on $2300.26 for 137 <?a., at 6 percent. 

Ans. $43,768*. 

16. Find the interest on $4360. 12 J for 64 da., at 6 per cent 

Ans. $32,700'. 

17. Find the interest on $1386.60 for 23 da., at 7 per cent 

Ans. $6,196'. 

18. Find the interest on $3879.06^ for 9 da., at 7 per cent 

Ans. $6,788'. 

19. Find the interest on $736 1.18 J for 13 da., at 7 per cent. 

Ans. $18,682'. 

20. Find the interest on $2360.26 for 7 m., at 8 per cent. 

Ans. $110.14^. 

21. Find the interest on $1600.31^ for 2*<tfa., at 6 per cent. 

Ans. $6.26 r. 

22. Find the interest on $9000.87^ for 17 m., at 7 per cent. 

Ans. $892,686'. 

23. Find the interest on $8730 .62^ for 6 m. 23 da., at 6 per 
cent.: — also at 6 per cent., and at 8 per cent. 

Ans. $261,733'; $209,777'; $336,644'. 
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When the Time of Interest is the Interval between two Dates, 

$ Syi. When the time for which interest is to be computed, 
is the interval between two given dates, it is customary to 
include only one of those two days in the time of interest. 

The interval found by the method of § 196, will be the proper 
one, since that interval will include but one of the days of the 
two given dates. (§ 196). 

When the time is years, months, and days, we may employ 
the method of Rule LITI, or find the interest for the months, 
and days, by § 269, § 270, and add such interest to that found 
for the given number of years. 

24. What is the interest on $250 from January 15th, 1840, 
to June 10th, 1842, at 6 per cent.? Ans. $36,083'. 

26. What is the interest on $192.25 from February 20th, 

1841, to May 12th, 1843, at 6 per cent.'? Ans. $21,361'. 

26. What is the interest on $370.12^ from September 6th, 

1842, to December 1st, 1845, at 7 per cent.l Ans, $83,915'. 

27. What is the interest on $500. 18 J from October 28th, 

1844, to January 16th, 1847, at 8 per cent.! Ans. $88,811'. 

28. What is the interest on $734.62j from November 13th, 

1845, to August 29th, 1848, at 10 per cent.? 

Ans. $205,286' 

Partial Payments. 

§ 272« No one method has been universally approved for 
computing the remainder due on a debt at interest, on which 
partial payments have been made. 

The method which has been adopted by the Supreme Court 
of the United States, and by the courts in most of* the individ- 
ual States, may be stated thus : 

WKenever a payment, or the aggregate of payments made, 
will discharge the interest then due, add said interest to the 
principal, and from the amount subtract the payment, or the 
aggregate of payments up to that time. 

The remainder is to be treated as a new principal, dating from 
the time of the last payment, and payments on this principal 
are. to be credited as before ; and so on. 

Note. When no particular rate of interest is stipulated for 
between the debtor and creditor, it is understood that the pre- 
scribed legal rate (§ 266) at the place where the debt is contracted, 
is the one intended'; as that is the only rate which, in such 
aasa, the law will enforce. 



INTEREST. 215 

& X A M F L E . 

$4000. Washington, January 1st, 1840. 

On demand, I promise to pay to James Wealthy, Four thou- 
sand dollars, with interest at 6 per cent. ; for value received. 

John Ready, 
This note was endorsed as follows : 

July Ist, 1841, received $300 
April nth, 1843, recieved $700 

Settlement was demanded, and full payment made, August 
20th, 1846 ; what was the remainder or balance then due ] 

Prom the date of the note, January 1st, 1840, to that of tho 
first payment, July 1st, 1841, was 1 year and 6 months. (§ 195). 

Interest on $4000 for that time, at 6 per cent, $360. 

The payment $300 was not sufficient to discharge the interest 
then due. 

From the date of the note to that of the 2d payment, is 3 y. 
3 m. lOda. 

Interest on $4000 for that time, $786.66. 

The whole payment, $300+$700=$10067up to the date of 
the 2d payment, will discharge the interest then due. 

Adding the interest to the principal, $4000-|-$786.66= 
$4786.66. 

Subtracting the whole payment made, from the amount, we 
find $3786.66, for a new priricipaly dating April 11th, 1843. 

Amount of $3786.66 from April 11th, 1843, to August 20th, 
1845, — which was the balance due at the time of settlement. 
— $4317.13\ 

Were there other payments on the note, we should treat 
them and the new principal according to the same method. 

EXERCISES. 

$950. Philadelphia, Jmie 26th, 1844. 

29. On the first day of January next, I promise to pay to 
Timothy Friend, Nine hundred and fifty dollars, with interest ; 
for value received. Jacob Faithful, 

This note is endorsed as follows : 

March 20th, 1845, received $430. 
May 16th, 1846, received $234.76. 

What was tlie balance due, June 1st, 1846 1 

Ans, $363 AW 
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$'6000. New York, May let, 1845. 

30. Six months after date, I promise to pay to John Prosper- 
ous, Three thousand dollars, with interest ; for value received. 

William Needy, 
The endorsements on this note are as follows : 
November 1st, 1845, received $1000. 
October 10th, 1846, received $93.75. 
December 20th, 1847, received $300.50. 
What was the balance due, January 1st, 1848 ] 

Ans, $2030.23'. 

Hate per cent., or Time of Interest — how found. 

§ 273. The Rate per cent, is found by dividing the given 
Interest by the interest of the Principal, at 1 per cent., for the 
given Time ; and . 

The Time, in the denomination of years, months, or days, is 
found by dividing the given interest by the interest on the 
principal for one year, month, or day, respectively. 

(^ These methodfi are evident from considering, frst, that, as the 
interest at 1 per cent. X any given rate, vronld produce the interest at 
that rate ; so the given interest -r- the interest at 1 per cent., will give 
the required rate ; and 

Secondly, that, as the interest for 1 year, &c, X the given time, pro- 
duces the interest for that time ; so the given interest -7- the interest fo* 
1 year, &c., will give the required time. «r]0 ' 

EXERCISES. 

31. At what rate per cent, must $260 be put at interest, to 
amount to $287.50, in 2 yr. 6 m.l 

The given interest is $287.50— $250=$37.50. 

Ans. 6 per cent. 

32. In what time will $300 amount to $373.50, if the rate 
of interest be 7 per cent."? Ans. 3yr. 6 m, 

33. At what rate per cent, must $1000 be put at interest, to 
amount to $1120, in 1 yr. 6 m.1 - Ans. 8 per cent. 

34. In what time will $475. 37^ amount to $632.42, if the 
rate of interest be 6 per cent.] Ans. 2 years. 

35. In what time will $100, or any other principal, double 
itself, if put on interest at 6 per cent.1 and in what time would 
it double itself, at 7 per cent.? 

Ans. 16f years ; and 14f years. 

36. A loaned to B $200 for 2vr. 7 m. 26 da. At the end 
of that time B paid the debt, and loaned to A $150 until he 
received from A as much interest as he had paid him ; how 
long did A keep the money 1 (It is immaterial what was the 
raieqf interest.') Ans. 3.537' years. 
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DISCOUNT. 

§ 274* Discount is a deduction from a debt due at a future 
time, without interest, on account of the present payment of the 
debt. 

The Present Worik of such a debt, is that sum which, at 
interest, would amount to the debt by the time the debt becomes 
due ; and the present worth subtracted from the future debt, 
leaves the discount, , 

Tor example, the rate of interest being 6 per cent., the 
present worth of $106 due in one year, without interest, is $100, 
since $100 would amount to $106 in one year ; and. the dis" 
countis $6. 

The rate of interest being 6 per cent., what is the present worth of 
$1 12 3ue in 2 years, without interest 1 Of $1 18 due in 3 years ? Of 
$224 due in 2 years ? Of $336 due in 2 years ? ^ 

The Present Worth corresponds with a Principal at 

interest, dtc. 

From the above it is evident that, 

§ 2Y5. The present worth of a debt not due, and not bear- 
ing interest, may be regarded as a principal; the discount, as 
the interest on such principal for the time the debt has to run ; 
and the debt itself, as the amount of such principal and interest. 

RULE LIV. 

§ STC To find the principal when the Amount, Time, and 
Rate of interest are given. 

Divide the given amount by the amount of $1, found for 
the given time, at the given rate of interest : the quotient will 
be the principal required. 

EXAMPLE. 

A debt of $500 will be due in 3 years, without interest. 
What is the present worth of the debt, allowing the rate of 
interest to be 6 per cent.] 

The required present worth is the m*incipal of which $500 
ts the amount for 3 years, at 6 per cent. 

The interest of $1 for 3 years, at 6 per cent, is 18 cents, 
ftnd the amount $1.18. 

Then $600-^1. 18=3$4a3.72, the principal or prutaai worth. 
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Q^ The reason of the rule is evident from consiclering, that, as the 
amount of ^1 multiplied by any principal, produces the amount of 
that principal for the same time and rate of interest ; so, the amount 
of any principal divided by the amount of $ I for the same time and 
rate, will give mat principal.,/^ 

EXERCISES. 

In finding the amount of $1, in the application of this Rule, 
let the decimal be extended to fimr figures, if it does not 
become even with two or three. 

1. What principal would amouijt to $650 in 2 years, allow- 
ing the rate of interest to be 6 per cent. J Ans, $590,909'. 

2. What is the present worth of $1000, payable in 1 year 
and 6 months, when money is worth 8 per cent, interest 1 

Ans. $892,867'. 

3. What principal would amount to $2500.75, in 3 years and 
8 months, when the rate of interest is 6 per cent.? 

Am, $2049.795. 

4. What discount should be allowed for the present payment 
of $400, due in 3 years and 5 months, — ^interest at 6 per cent.! 

Atis. $68.06. 

6. What would be the present worth of $3060, payable in 
4 years and 9 months, When the rate of interest is 8^er cent.'* 

Ans. $2210.144'. 

6. A note for $760 will become due in 2 years, 3 months, 
and 20 days. What would be the discount for present payment, 
allowing money to be at 7 per cent, interest 1 

A#w. $104,173'. 

7. Sold property amounting to $3000, on a credit, without 
interest, of 12 months. What sum in hand would be an equiv- 
alent for the debt, allowing money to bring 8 per cent, interest 1 

Ans, $2777.777'. 

8. A note for $1200 has 1 year, 10 months, and 15 days to 
run, without interest. What sum in hand would be an equiv- 
alent for the note, supposing the rate of interest to be 6 per 
cent.! Ans. $1078.661'. 

9. A merchant bought goods amounting to $4200, on a 
credit of 6 months, without interest. What sum in ready 
money would dischflo'ge the debt, allowing interest to be at 
8 per cent.? * Ans. $4038.461'. 

10. A farmer sold a plantajtion containing 276 acres, at $30 
per acre, — ^to be paid in two equal instalments, in one and two 
yeara, nithoat interest The purchaser imiihedialely proposing 
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to pay an equivalent in ready" money, what sum should the 
farmer receive, rating money at 6 per cent, interest ) 

Ans. $7674.544'. 

Discount in Banks. 

§ 277. Bank Discount is the interest on a sum loaned, 
deducted at the time the loan is made. 

A note on which money is borrowed from a bank, has usually 
from two to four months in which to mature, that is, become 
due. The time specified in the note is, by custom, extended 
three or four days, called days of grace, before payment is 
required. ^ 

The bank deducts the interest from the face of the note, or 
sum foi* which the note is written, — days of grace being included 
in the calculation ; the remainder is the sum paid for the note,' 
and is called the avails or proceeds of the note. 

EXAMPLE . • 

A note for $500, payable in 60 days, is discounted in a bank, 
at 6 per cent. Required the avails of the note. 

Adding three days of grace, the time is 63 days. 

The interest on $500 for 63 days, is $5.26. This interest is 
the bank discoimt. Then $500 — 6.26=$494.75, the avails of 
the note. 

The borrower receives $494.75 from the bank, and, at the 
end of the 63 days, must pay the bank $500. 

It is sometimes desirable to know for what principal a note 
should be given, that the avails of it in bank shall be a given 
sum. Hence, • 

RULE LV. 

*- § 278. To find the Principal from which the Bank Disc&vM 
deducted, will leave a given sum. 

Divide the given sum by $1 minus the interest of $1 for the 
given time — days of grace included ; the quotient will be the 
principal required. 

EXAMPLE. ' 

To find for what principal a note, payable in 6D days, must 
be given, that, when discounted in bank, at 6 per cent., the 
proceeds of it shall be $600. 

The interest of $1 for 63 days is $.0105 ; and $1--$.0106 
=5$.9895. 

Then $500-r-.9895=$505.30', the principal required. 
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(^ The reason of the Rule appears from considering, that, as the 
camls of $1 for the given time, muliipUed by any principal, will pro- 
duce the avcdls of that principal for the same time ; so, the avails of any 
principal, divided by the avails of $1 for the same time, will give that 
principaL .T^) 

EXERCISES. 
In these Exercises add 3 days of grace to the time specified ; and m 
finding the interest of $1, in the apphcation of this Rule, let the decimal 
be extended to four Jigurea, if it does not become even with two or three. 

11. What would be the proceeds of a note for $1000, due 
in 90 days, if discounted in bank, 8t# per cent.? 

'Ans, $984.5. 

12. A note for $300, payable in 4 months, is discounted in 
bank, at 8 per cent. Required the sum received for it. 

. Ans, $291.8. 

13. What would be the proceeds of a note for $200.26, 
having 3 months, or 90 days, to run, if discounted in bank, at 
6 per centi Ans. $197.14*. 

14. A note for $430.50, payable in 60 days, is discounted m 
bank at 7 per cent. Required the amount of the discount. 

Ans. $5,273'. 
16. What would be the difference between bank discount 
and the true discount on a note for $5000, payable in 4 months 
or 120 days, reckoning interest at 6 per cent.? Ans. $4.46. 

16. A merchant wishes to borrow in bank $2500, for 90 
days. For what principal must his note be drawn, rating inter- 
est at 6 per cent.? Ans, $2539.36'. 

17. A person wishes to pay a debt of $375.25, by having a 
note discounted in Ijank, for 60 days, at 6 per cent. For what 

'nust the note be made ? Ans. $379,231'. 

' -vner owes a debt in bank of $500. He pays the 
' payable in 3 months, which is discounted at ^ 
receives $125.50 as the balance of proceeds 
what amount was the note made ? 

Ansi $635,347'. 
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EQUATION OF PAYMENTS. 

§ 2'y9* The Equation of Payments consists in reducing two 
or more different times at which payments of money are to be 
made, without interest, to one equitable mean time for the pay- 
ment of the whole. 

For example. A owes 6 $200 to be paid in 5 months, and 
$300 to be paid in 9 months ; and it is required to find an equi' 
table mean time for the payment of the whole $600. 

RULE LVI. 

§ 2iSO. To find the proper period of credit for the sum of tioo 
or more payments due at different times, without interest. 

Multiply each payment not due by its own period of credit, 
and divide the sum of the products thus obtained, by the sum 
of all the separate payments. The quotient will be the time 
required. 

The multipliers must all be used in the sam^ denomination 
of time. 

EXAMPLE. 

A owes B $600 ; of which, $300 is to be paid in hand ; $2W0 
in 6 months ; and the remaining $100 in 18 months. If the 
whole were reduced to one payment, what would be the proper 
credit to be allowed ] 

Multiplying the $200 by its credit, 6 months, we find 1200 ; 
and multiplying the $100 by its credit, 18 months, we find 
1800. 

The sum of these products is 1200+1800=3000. 

Then 3000-V-600, the sum of all the payments, gives 6 
months, for the credit to be allowed on the 



(jj* The period of credit for the sUm of the payments, should be such 
that the discount on said sum, would be equal to the sum, of the dia» 
counts on the separate payments, for their respective credits. 

The preceding Rule proceeds on the supposition that the discount if 
equal to the interest, for the same time. Tt^ discount is, however, lesi 
than the interest; being the interest on the present worth of a debt, ini 
6tead of the principaL The Rule is, therefore, inaccurate ; though, fof 
convenience, it is adopted in business. 
In the preceding example, 

The interest on $^00 for 6 m. is the same as on $1 for 12QQ tYvcmllvv 
and the interest on ^ 100 for 18 m. is the same as otv %\ iot \^^ mmdW 
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The whole interest involved is therefore equal to the interest on $1, 
for 1200-|- 1800=3000 months; and the same interest would accrue on 
the $600 in 3000-7-600=5 wjon/A«. 

Hence 5 months is the credit to be allowed on the sum $600. JTT^ 

EXER CISES. 

'l. C is indebted to D $900; of which $200 will be due in 
6 months ; $300 more in 9 m. ; and the remainder in 12 months. 
What Vould be the proper time for the payment of the whole 
at- once I Ans, 9f months; 

2. A merchant bought goods amounting to $5000 ; of which 
he was to pay $3000 in hand, and the remainder in 6 months. 
It is since agreed that the whole shall be paid at one time ;. 
what is the proper credit to be allowed ] Ans. 2f months. 

3. A certain sum of money was to be paid as follows, viz : 
J of it in 2 years, ^ of it in 3 years, and the rest in 4 years and 
6 months.* The debtor proposing to pay the whole at the same 
time, it is required to find the proper term of credit. 

Ans. 3J years. 

4. A engaged to pay to B, $200 on the 1st day of January; 
$300 on the 15th of April ; and $400 on the 20th of August. 
They now agree to make but one payment of the whole, and 
wish to know on what day that payment will be equitably due. 

The $200 was due on the 1st of January ; when the, $300 
was entitled to a credit of 3m. 16 da., to the 15th of April; 
and the $400, to a credit of 7 m. 20 da., to the 20th of August 

$300X(3 m. 15 da.)z=$ZOOXlOb da. =31500 ; 
and $400 X (7 m. 20da.)=$400X230(ia. =92000. 

Then (31500+92000) -^(200+300+400) =123500-^-900= 
137f da. 

. ■ ,We thus find that the sum of the payments will claim a 
credit pf 137f days, to be reckoned from the 1st of January. 

Disregarding the | of a day, and allowing 30 days to a month, 
we shall find t£at this credit will extend to the 17th of May. 

5. On the 5th of September, 1846, a merchant bought goods 
amounting to $8000 ; of which $4000 was to be paid in 4 
months, $2000 in 6 m.; and the remainder in 8 m. It was 
afterwards agreed that one payment might be made of the 
whole ; what was the proper day of payment 1 

Am. February I7th, 1847. 

6. On the 10th of January, 1848, A bought of B, 100 acres 
of land, at $24 per acre, — ^to be paid in three equal instalments, 
on the 20th of Octdber, 1848, the 1st of June, and 30th of 
December, 1849. If the whole be converted into one pay- 
mail t, on what day should that payment be made ? 

Ans. May 25th, 1849. 
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COMPOUND INTEEEST. 

§ 281. Simple Interest is interest on a given prindpal 
only ; (§ 266). Compound Interest is interest on both jwiTici- 
pol and interest y when the latter remains unpaid after it has 
become due. 

The interest is compounded an7it^a%, ludf yearly, or quarterly, 
&c., according to the time-at which it becomes dfue. 

Compound interest is not sanctioned, by law, on money lent, 
or debts contracted in ordinary commercial transactions. 

§ 3S2. To calculate Compound Interest. — Make the amount, 
^t simple interest, for the first year, or period when the interest 
becomes due, the principal for the second ; the amount for the 
second, the principal for the third ; and soon. From the Zcwf 
amount subtract the original principal ; tlie remainder will be 
the compound interest. 

EXERCISES. 

1. What is the compound interest on ^200, for 3 years, at 6 
per cent., allowing interest to be due annually 1 

Ans. $38,203'. 

2. What is the compound interest on $1000, for 2 years, at 
8 per cent., allowing interest to be due half yearly ? 

Ans. $169,868'. 

3. What would $500 amount to in 6 years, at 6 per cent 
interest, if the interest be compounded annually 1 

Ans. $669,112. 

EXERCISES ON CHAPTER XI. 

$2600. 18|. Philadelphia, June \st,\^4&. ^ 

1. On the 1st day of Janu&ry, 1846, I promise to pay to 
William Kind, the sum of Two thousand, five hundred dollars, 
18 J cents, with interest ; for value received. 

Simon Thankful, 
This note was endorsed as follows : 

^January 1st, 1846, received $1000. 
October 10th, 1846, received $35.26. 
August 16th, 1847, received $200. 
The balance on the note was not paid until the 1st of Jan 
uary, 1848. What amount was then to be paid 1 
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2. A farmer bought of a merchant, goods amounting to 
9l'75.12^, on a crecut of 12 months ; but paid the debt in 2 
months and 10 days. What sum should have been discounted 
from the debt, allowing the rate of interest to be 8 per cent T 

Ans. $10,696'. 

3. A debt of $3000.75 will be due in 2 years, 7 months and 
18 days, without interest. What sum in hand would be an 
equivalent for the debt, money being at 7 per cent, interest ? 

Ans. $2533.776'. 

4. A held a note against B for $473.60, due April 3d, 1846 ; 
and B held a note against A for- $600.62^, due June 10th, 
1846 ; no interest accruing in either case, until the note is 
due. Settlement was had May 6th, 1846 ; what was then the 
balance between A and B, allowing money to be worth 6 per 
cent.? Am. A owed B $21.61'. 

5. A merchant bought 4^cwt. Zqr. of sugar, at $6.26 per 
cwt., which he immediately sold at $7 per cwt, on 6 months 
credit. Taking the purchaser's note for the amount, he gets 
the note discounted in bank, at 6 ^er cent.; what profit did the 
merchant make ? Ans. $67.22'. 

6. Wishing to raise the sum of $3760.50, 1 design, for the 
purpose, to put a note in bank for 4 months. For what prin- 
cipal must the note be drawn, — interest being at 8 per cent.1 

Ans. $3866.042'. 

7. A promissory note for $350.75 was at interest from the 
4th of July, 1844, to the 19th of January, 1847, when it had 
amounted to $404,238, at what rate was the interest computed^ 

Atis. 6 per cent. 

8. In what time will $400 produce the same amount of in- 
terest, at 6 per cent., that would acme on $376. 18f, in 6 years, 
7 months and 26 days, at 7 per cent. ? Atis. 6.185' years. 

9. A owes B $6000 ; of which $1200 is to be paid in 9 
^onths, $3000 in 1 year and 3 months, and the remainder in 2 
years. In what time might the whole sum be paid at once, 
without injustice to either ? Atis. 16 months. 

10. A rice plantation was to be paid for as follows, namely ; 
^ of the purchase money in hand ; ^ of it in 12 months ; and 
the remainder in 1 year and 9 months. The parties have 
since agreed that the whole shall be paid at one time ; when 
should the payment be made 1 Atis. In 12| months. 

11. A money dealer borrowed $1000 for 2 years, at 6 per 
cent, interest ; and loaned the same in such a manner as to 
sompovnd the interest every 6 months. What profit did he 

iOAke in the 2 years, by this proceeding ? Atis. $6,508. 
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CHAPTER XII. 



FOWSBS AND BOOTS. — ^IHVOLUTIOir. — ^EVOLtTTION. — ^APPXJCATIOV 

OF SQUARE AND CUBE BOOT 

POWERS AND ROOTS. 

$ 3S3. The first power of a number is the number itself. 
Thus, the first potoer of 3 is 3. 

§ 2S4* The second power, or square, of a number, is the pro- 
duct of that number multiplied ijito itself. 

Thus, the secondpawer or square of 3, is 3X3=9. 

What is the second power, or square, of 4 ? Of 6 ? Of 7 ? Of 1 ? 
What is the second power, or square, of 8 ^ Of 1 1 T Of 12 1 Of 20 1 

§ 2S5. The second root, or square root, of a number, is that 
number which, multiplied into itself, produces the given 
number. 

Thus iJie square root of 36 is 6, because 6X6=36. 

What is the square root of 4 ? Of 25 ? Of 49 1 Of 64 T Of J 00 1 
What is the square root of 9? Of 16 1 Of381 OfSU Ofl44? 

$ 3S6. The third power, or cube, of a number, is the product 
of that number multiplied into its second power, or square. 
Thus the third power, or cube, of 8, is 3X3X3=27. 

What is the third power, or cube, of 21 Of41 Of5t Of7l OflO' 

§ ^87. The third root, or cube root, of a number, is that num- 
ber which, being multiplied into its second power, or square, 
produces the given number. 

Thus, the cube root of 27 is 3, because 3X3X3=27. 

What is the cube root of 8 1 Of 641 Ofl2S1 Of 216 T Of 10001 

$ 288. The Ath power of a number is the product of that 
number multiplied into its 3d power, or cube. Thus, the 4th 
power of 2, is 2X2X2X2=16. 

What IB meant by the 5th power of a number 1 By the 6th power 1 

The 4fft> root of a number is that number. which, being mui* 
tiplied into its 3d power, cur eube> produces the given aumber ' 
thus, 2 is the 4th root of 16. 

Whatismcantby the 5th root of a number 1 By th»6(iiiiMtt 
15 
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From the preceding it is plain, that, 

Wlien one number is any power of another, the latter is the 
corresponding root of the former. Thus 9 is the square of 3 ; 
then 3 is the square root of 9. 

Powers and Hoots of Unity. 

§ 2S9. Any potoer or root whatever, of unity, is uniii/ ; since 
any number of is, multiplied together, produce 1. 

Thus, 1X1=1 ; 1X1X1=1 ; and so on. 

Powers and Roots of Fractions. 

§ ^90. A povxr or root of a fraction is found by taking the 
power or root of the numerator and denominator,, separately. 

Thus, the square of } is |$f =f ; and the square root of | 
is therefore I . So the cube of f is ^/V. 

What is the square of | ? 
What is the square root of -f^ 1 
What is the cube of J 1 
What is the cube root of ^ ? 

Powers and Roots of Mixed Numbers. 

§ 291. A power or foot of a mixed number may be found by 
reducing to an improper fraction, and taking the power or root 
of the numerator and denominator, separately. 

Thus, the square root of 6}= the square root of y=Jz=2j. 

What is the square root of 2^? Of 20|.? Of llj 1 Of IJ^ ? 
WhaV is the cube root of 3f 1 Of ^^ 1 Of \^^1 

Perfect and Imperfect Powers. 

$ 999 • A perfect power, of any order, is a number which has 
an exact root of the corresponding order. An imperfect power 
has no exact root of the corresponding order. Thus, 

A perfect square, or a square number, is any number, integral 
or' fractional, which has an exact square root ; and a cube num- 
ber is one which has an exact cube root. 

Name all the square numbers, in succession, from unity to the ^uare 
of 12. Name several cube numbers, beginning with unity. 

Name three fractions which are perfect squares. Name three which 
ue perfect cubes. 

An imperfect power is also called a Surd ; and its root is 
called an irrationai number, because its ratio to unity cannot 
be exactly determined. 
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JSxponerUs of Powers and Hoots^, 

§ 293. An exponent or index is an integer annexed to a num- 
ber to denote a power, or a fraction annexed to denote a root, 
of that number. 

Thus, 6^ denotes the 2d power or square of 6. 
6^ denotes the Zd power or cube of 6. 

16* denotes the square root of 16 ; 27*^ the cube root of 
27, &c. 
In these expressions, 2, 3, ^ and J are exponents. An expo- 
nent is always set on the right of the number, and a little 
elevated, as in the examples. 

A root is also denoted by the radical sign ^, with an integral 
exponent or index. 

Thus, J 9 denotes the square root of 9 ; X/^l, the cube root 
of 27 ; \l 100, the 4th root of 100 ; and so on. 

INVOLUTION. 

§ 394 • hivolution consists in raising a given number to 
any required power. Thus, in finding the square of 26, we 
perform an invcHutum on .25. 

EXERCISES. 

1. Find the square of .14 Ans, .0196 

2. Find the square of .16 Ans, .0256. 

3. Find the square of if A7is, 1%^. 

4. Find the square of j^i Ans, /^V^* 

5. Find the square of 23^ Ans, 534 J?. 

6. Find the square of 14.3. . . . . . . . Ans. 204.49. 

7. Find the cube of f. ., Ans. |f f . 

8. Find the cube of 124 . Ans. 1906624. 

9. Find the cube of 13^: Ans. 2326i|. 

10. Find the cube of .25 Ans. .015625. 

§ 395. A higher power of a given number may be found, 
moat readily, by multiplying together two or more known pow* 
ers, the sum of whose exponents is equal to the exponent of the 
required power. 

Thus, the square of a number multiplied into itself, produces 
the 4th power of that number. 32x32=3X3X3X3=3^ 

The square X the ctibe, produces the 5tii power. 32X3^=3 
X3X3X3X3=35; and so on. 

11. Find the 4th power of 2J A7is. ^HH- 

12. Find the 5th power of 3.5 Ans. 525.21876. 

':a. Find the 6th power of 1.2. . J. , Ans. 2.985984 
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EVOLUTION. 

§ 296. Evdvtion consists in eactraciing any required root of 
a given number regarded as the corresponding power of the 
root to \^ found. 

Thus, in extracting the square root of 625, we perform an 
evolutioTi on 625. 

The extraction of ike square root of a number, consists in 
finding one of the tvx) equal factors which, multiplied together, 
produce the given number. 

Thus we find 25 to be the 625*, bq^ause 26X25?=626. 

JExtraction of the Square Root 

The following principles are involved in the Rule to be given 
for extracting the square root. 

§ 39 Y. I. The square of any number Tias, at most, only 
twux as many figures, and, at least, oiily one less than twice as 
many, as the number itself. 

Thus, 92=81 ; 992=9801 ; 9992=998001 ; in which exam- 
ples, the squares 81, &.C., have only twice as many figures as 
the numbers 9, &c., and these numbers are the largest thai 
:an be expressed by the same number of figures. 

Again; 102=100; 1002=10000; 10002=1000000 ; in which 
examples, the squares 100, &c. have only one less than twice 
as many figures as the numbers 10, &c., and these numbers 
are the smallest that can be expressed by the same number of 
filgures. 

From the preceding, it follows, that, 

§ 298. II. A number has two flgwres for each figure in its 
square root, excepting the left hand one — for which it has one, 
Or two figures, according as said left hand figure produces one 
or two figures in squaring the root, 

§ 299. III. If a number be divided into any two parts, the 
square of the number will be equal to 

the smiare of the 1st part + twice the 1st X2^-l- the square of 
the 2d pari. 

For example, 16=10+6, and the square of 16= the square 
of (10+6). 

10+6 
10+6 

60+36 ^ 

100+ 60 

100+120+36a?:j the square of ao+6):=16» 
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In squaring 10+6, that id, in multiplying it by itself, we 
first multiply 10+6 by 6 ; this gives 60+36. We then mul- 
tiply 10+6« by 10; which gives 100+60. The sum of the 
two products is 100+120+36=16'. 

This square is composed of 10^=100, twice 10X6=:120, and 
62=36. Thus we see that the square of the number 16 is 
equal to the square of the first part 10, + twice the product of 
the two parts 10 and 6, + the square of the secbnd part 6 

RULE LVII. 
§ 300* To extract the Square Root of a given numher, 

1. Separate the given number into periods of two figures 
each, from right to left ; observing that the last period may 
sometimes have but one figure. 

2. From the left hand period subtract the greatest square 
number it contains, and set the root of said square for the first 
figui^ of the root required.' 

3. To the remainder aflSx the next period for a dividend. 
Divide this dividend, exclusive of its right hand figure, by twice 
the root already found, and annex the quotient figure to both 
the root and the divisor. 

4. Multiply the divisor thus increased, by the quotient 
figure ; subtract the product from the dividend ; to the remain- 
der affix the next period; divide by twice the root already 
found ; and so on, till the operation is completed. 

EXAMPLES. 

1. To extract the square root of 529. 

6'2 9(2 3 
Jk 

43)129 

1 2 9 629*=23. 

The left hand period is 5, and the greatest square number it 
contains is 4, the root of which is 2. Subtracting, and to the 
remainder 1 affixing the next period, we have for a dividend 
129. Excluding its right hand figure 9, we divide 12 by 4, 
which is twice the root 2 already found, and annex the quotient 
figure 3 to both the root and the divisor. Multiplying the 
divisor 43 by 3, completes the operation. 
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2. To extract the square root of 368449. 

36»84'49(607 
36 



1207) 8449 

8 4 4 9 368449*=607. 

T^e left hand period 36 being a square number, we set its 
root 6 for the first figure in the root required ; and set down 
the next period 84, for a dividend. 

Excluding its right hand figure 4, and dividing 8 by 12, which 
is twice the root 6 already found, the quotient is 0, which we 
annex to the root 6 and divisor 12. 

To 84 we affix the next peripd 49, and the dividend is 8449. 
Excluding its right hand figure, and dividing by 120, which is 
twice the root 60 already found, the quotient is 7. Annexing 
this to the root and divisor, and multiplying, the operation is 
completed. 

([j* The given number is separated into periods to determine the num- 
ber of figures in the root ; and also whether one or two figures on the 
left correspond to the first figure in the root ; (§ 298). In the first 
example, 

The first figure 2 in the root is 2 tens =20, and its square is 400, 
which, subtracted, leaves the remainder 129. 

The given number 529= the square of 2 tenSf the I at part of its 
root, •\- twice 2 tens X the units or 2d part of the root, -J- the square 
of the units. (§ 299). 

And since the square of 2 tens has been subtracted, the remainder 129 
= twice 2 tens X the units -\- the square of the units. 

In taking 4,= twice 2, for a divisor, we omitted the on the right of 
2 tens. Omitting, therefore, the 9 in the corresponding place of the divi- 
dend 129, we say 4 in 12, 3 times. 

The quotient 3 annexed to the 4 in the divisor, makes the 4 become 4 
tensi and the divisor 4 tens -[-3, multiplied by 3,=4 tens X 3-1-3^ ; or 
twice 2 tens X the units in the root, -f- the square of the units f =129. 

Hence the second figure in the root is correctly found by the Rule. 

When the given number contains three or more periods, the first and 
second figures of the root having been found, these two figures together 
may be regarded as the 1st part of the entire root, and the remainder of 
the root as the 2d part. Three figures of the root having been found, 
these may together be regarded as the 1st part of the root, and tlie remain 
der as the 2d part ; and so on. 

Under these views, the principle on which depends the method of 
forming the divisors, (§ 299), becomes applicable when there are three or 
more, as well as when there are but two figures in the root. J^ 
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EXERCISES. 

^1. Find the square root of 784, and of 11236. 

Ans, 28 ; and 106. 

2. Find the square root of 2025, and of 38809. 

Am. 45 ; and 197. 

3. Find the square root of 7396, and of /75076. 

Ans. 86 ; and 274. 

4. Find the square root of 22801, and of 473344. 

Ans. 151 ; and 688. 
6. Find the square root of 36100, and of 904401. 

Ans. 190; and 961. 

6. Find the square root of |f |, and of iiff . 

Ans. If ; and f f . 

7. Find the square root of f f |i, and of §8JJS. 

An^. f i ; and |5J. 

8. Find the square root of f§f | , and of iif fj. 

Ans. JJ ; and Jgf . 

9. Find the square root of |J|J, and of jf ||. 

Ans. If ; and }|. 
10. Find the square roo* of |f f i, and of VWiftr- 

Am. fij and-iVfl. 

Square Moot of Decimals, Imperfect Squares, djc. 

$ 301. In extracting the square root, an integer is separated 
into periods from right to left* 

A decimal must he separated into periods of two figures 
each, from the decimal point towards the right, and a annexed 
when necessary to complete- the last period. 

The number of decimal figures in the root, will be equal to 
the number oi periods in the given decimal. 

In finding the root of an imperfect square, (§ 292), a period 
of Os may be annexed to the last remainder, and the operation 
continued in this manner to any required exactness ;— observ- 
ing that each period thus annexed must be counted as a decimal 
period belonging to the given number. 

A fraction will he an imperfect square, if either of its terms is 
an imperfect square. Its root in such case will be found, most 
readily, by extracting the root of its equivalent decimal. 

A vulgar fraction annexed to an integer may be reduced to a 
decimal, and the root of the mixed number be then extracted. 
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EXAKFLI. 

To extract the square root of 346|^. 

Reducing ^ to an equivalent decimal, we find j^=.125. W» 
have then to extract the square root of 346.125. 

3'46.12'60(18.6044 
1 



28)246 
224 



366)2212 
2196 



37204)165000 
148816 



372084)1618400 
1488336 

130064 

We separate the integer 346 into periods from right to left, 
and the decimal .125 into periods from the decimal point towards 
the right, and annex a to complete the last period 50. 

All the periods in the given numher having been included in 
the operation, we annex 00 to the remainder, and thus continue 
the operation. 

The two decimal periods .12'50, with the two periods of Os 
annexed to the remainders, make four decimal periods ; hence 
we makeyour decimal figures in the root, 

();;j*The product of two decimal fractions contains just as many deci- 
mal figures as are in both the factors. The square of a decimal fraction 
has, therefore, twice as many decimal figures as the decimal itself. Hence, 
each decimal period must contain two figures ; and the number of de^ 
mnl figures in the root must equal the number of dednuU periods.jp) 

$ 303* In extracting the square root of an approximate deci' 
mat, such decimal should be continued to tioice as many figwres 
as the number of decimal figures required in the root. 

For exai)iple, to extract the square root of j^ to three decima' 
figures. 

As J is an imperfect square, we reduce it to a decimal of 
six figures. 

^=.333333 

The ^iproximate decimal thus found, having three periods 
t«riil fiv« three decimal figures in its square root. 
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EXERCISES. 

11. Find the square root of .582169. . . . Atis. .763. 

12. Fiud the square root of .454276. . . . Ans, .674. 

13. Find the square root of .795664. . . . Ans. .892. 

14. Find the square root of .3478312. . . Ans, .5897*. 

15. Find the square root of 737.8742. . . Ans, 27.16'. 

16. Find the square root of 43.73731. . . Ans, 6.613*. 

17. Find the square root of .0073474. . . Ans, .0857'. 

18. Find the square root of |Ji j Ans, .7605'. 

19. Find the square root of IHf Ans, .919'. 

20. Find the square root of 23734jV\f. . Ans. 154.059'. 

21. Find the square root of 74786/^^^. . Ans, 273.47'. 

22. Find the square root of 90374376. . Ans, 9506.543'. 

23. Find the square root of 23473783. . Ans, 4844.975'. 

24. Find the square root of 847376/^^. Ans. 920.530'. 

25. Find the square root of 783703|j|. Ans, 885.27'. 

APPLICATION OP THE SQUARE ROOT. 

$ 303. The area of a surface is equal to the product of it& 
length into its breadth; using these dimensions in the same 
denomination. 

Since a square has its length and hreadth equal to each 
other, the area of a square is equal to either of its sides multi- 
plied into itself ; that is, the area of a square is the square of 
either of its sides. 

Hence, the area of the square heing given, a side of the 
square will he found by extracting the square root of the area, 

EXERCISES. 

26. How long must the side of a square lot be, which shall 
contain just one acre of ground ? Ans, 12.649'jo. 

27. How long must the side of a square field be, which shall 
contain just 10 acres of ground ? An^, 40 poles. 

28. What must be the side of a>square, which shall be equal 
in area to a surface 320 yd, long, and 75 yd. wide J 

A715. 154.9 19' yrf. 

29. A merchant bought a bale of cloth, containing just as 
many pieces as there were yards in each piece. The whole 
number of yards was 1089 ; what was the number of pieces 1 

Ans, 33 pieces. 

30. What must be the sides of two squares, one of which 
shall contain 2 square miles, and the other 3 square miles, of 
hind 1 Ans. 452.548'jp.; and 554.256' p. 
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31. A regiment consisting of 5476 men, is to be formed into 
a solid square. How many men must be placed in rank and 
file, that is, in a line on the front, and from front to rear ? 

Ans, 74 men. 

32. What would be the expense of enclosing 15 A. 2R. 18 
P. of ground, in the form of a square, at the rate of $2.12^ 
per rod for the fencing T Ans, $424.82'. . 

33. A company of men on a journey expended $6084 ; each 
man expending as many dollars as there were men in the com- 
pany. What was the number of men 1 Ans. 78 men. 

34. A farmer wishes to plant an orchard which shall contain 
8464 trees, and have as many rows of trees as trees in each 
row. What will be the number of trees in each row ? 

Ans, 92 trees. 

35. A city whose corporate area is in the form of a circle, 
contains 3.1416 square miles, and is 6.2832 miles in circum- 
ference. Had the same amount of area been incorporated in 
the form of a square, what would have been the compass of 
the city ] Ans. 7.088' miles. 

36. What must be the dimensions of a field to contain 10 
acres of ground, and have its length equal to twice its breadth 1 

One half of the given area will be the area of a square, 
whose size is equal to the breadth of the field. 

Ans, 28.284' ju. in breadth ; 56.568' jd. in length. 

37. A garden which shall contain an acre of ground, is to 
have its breadth equal to one half of its length. What must 
be its dimensions ? 

Ans, 8.944' p. in breadth ; 17.888' p. in length. 

38. A cemetery containing 15 acres is laid out in such a 
manner that its length is equal to three times its breadth. 
What are the dimensions of the cemetery ] 

Ans, 28.284' jp. in breadth ; 84.852' jj. length. 

39. A warehouse whose base shall occupy 10000 square feet, 
is intended to have its breadth only one-third of its length. 
What must be the length and breadth 1 

Ans. 173.205'/if. by 57.735'y3J. 

40. A farmer intending to enclose 60 acres of land, wishes 
to know what difference in the amount of fencing there would 
be between having the enclosure in the form of a square, and 
having it such tJiat its length shall be double its breadth ? 

Atw. 21.702' poles. 
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Extraction of the Cube Boot. 

The following principles form the basis of the Rule for 
extracting the cube root. 

§ 304. I. The cube of a number has, at most, only three 
times as many, and, at least, orily two less than three times as 
many figures, as the number itself. 

Thus, 993=970299 ; 9993=997002999 ; in which examples, 
the cubes have only three times as many figures as the respec- 
tive numbers or roots, and those numbers are the largest that 
can be expressed by the same number of figures. 

Again, 103=1000 ; 1003=1000000 ; in which the cubes have 
only two less than three times as many figures as the numbers 
or roots, and those numbers are the smallest that can be ex- 
pressed by the same number of figures. 

From the preceding, it follows that 

§ 305. II. A number has three figures for each figure in its 
cube root, excepting the left hand one — for which it has one, 
two, or three figures, according as said left hand figure produces 
one, two, or three figures, in cubing the: root, 

§ 306. III. If a number be divided into any two parts, the 
cvhe of the number will be equal to the cube of the 15/ part, -\- 
3 times the square of the 1st into the 2d, -\- 3 times the first into 
the 2d^, + the cuhe of the 2d pari. 

For example, 16=104-6> and the ctibe of 16 = the cvhe of 
(10+6). 

The square of 16, equal to the square of (10+6) as hereto- 
fore found, 

is 100+ 120+ 36 
• 10+ 6 

600+ 720+216 
1000+1200+ 360 

1000+1800+1080+216 

=.the cube of (10+6)=16-. 

The square of (10+6) multiplied by (10+6), produces the 
cube of (10+6). 

Multiplying, we have 36X6=216; 120X6=720; and 100 
X6=600; also, 36X10=360; 120X10=1200; and 100X10 
=1000. 

The sum of all these products is equal to 1000+1800+1080 
+216=163. 

This cube is composed of 103=1000 ; 3 times lO^xe^lWO ; 
3 times 10X62=1080; and 62=216. 
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RULE LVIII. 



(§ 307. 



$ 30T* 7b extract the cube root of a given number. 

1. Separate the given number into periods of three figures 
each, from right to left; observing that the last period may 
Bometiokes have but one or two figures. 

2. From the left hand period subtract the greatest cube 
number it contains, and set the root of said cube for the first 
figure of the root required. 

3. To the remainder affix the next period for a dividend. 
Divide this dividend, exclusive of its two right hand figures, 
by three times the square of the root already found, taken as 
an incomplete divisor, and annex the quotient figure to the root. 

4. Comjjiete the divisor by annexing to it two Os, and adding 
three times the product of the last quotient figure into the pre- 
vious root with a annexed, and also the square of the last 
quotient figure. 

5. Multiply the divisor thus completed by the last quotient 
figure ; subtract the product from the dividend ; to the remain- 
der afi^ the next period for a dividend ; divide by three times 
the square of the root already found, and so on, as before, until 
the operation is completed. 

In applying this Rule it will be convenient to refer to the 
following 

Table of Moots and Cubes, 



BOOTS. 


CUBES. 


ROOTS. 


CUBES. 


ROOTS. 


CUBES. 


1 . . 


. 1 


4 . 


.64 


7. . 


. 343 


2 . . 


. 8 


6 . 


. 125 


8 . . 


.512 


3. . 


.27 


6 . 


. 216 


9. . 


.729 



EXAMPLE. 

To extract the cube root of 91125. 



48 
4800+600+26=6426 



9ri26(45 
j64 

27125 
27125 



91126^=46. 



The left hand period is 91, and the greatest cube number it 
ont&iiiB is 64, the root of which is 4. Subtracting, and to 
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the remainder 27 affixing the next period* we have for a divi 
dend 27126. • 

Excluding the two right hand figures, we divide 271 by 48, 
which is 3 times 16, the square of the root 4 already found, 
and annex th6 quotient figure 5 to the root. 

To complete the divisor 48, we annex two Os, making 4800, 
and add 600, which is 3 times 200, the product of the last 
quotient figure 5 into 40, the previous root 4 with a annexed^ 
and add also 25, the square of 5. 

The divisor thus completed is 5425, which, multiplied by 5, 
equals the dividend. • 

2. To extract the cube root of 223648543. 

108 



10800 
1080000+12600+49=1092649 



223'648'543(607 
216 



7648543 
7648543 



The left hand period is 223, and the greatest cube number it 
contains is 216, the root of which is 6. Subtracting, and to 
the remainder 7 affixing the next period, we have for a dividend 
7648. 

Excluding the two right hand figtires, we divide 76 by 108, 
which is 3 times 36, the square of the root 6 already found. 
The quotient figure is 0. We annex to the root, and afiix 
the next period, obtaining a new dividend 7648543. 

q;^ The given number is separated into periods, to determine the num- 
ber of figures ill the root, and also whether one, two, or three figures on 
the left, correspond to the first figure in the root (§ 305). 

In the Ist example, the first figure 4 in the root, is 4 tens ;=40 ; and 
its cube 1=: 64000, which, subtracted, leaves the remainder 27125. 

The given number 91 125=4 tens ' +3X4 tens ^ X ^« ^*ni8 of the 
root, +3X4 tens X the units ^ + the units '. (§ 306). 

And since 4 tens' has been subtracted, the remainder 27125=3X4 
tens 2 X Ae un{te,,+3X4 tens X the units, ^ + the tmiis ». 

In taking 48=3X4^ for an incomplete divisor, we omitted two Os in 
the right of 4 tens ^. Omitting, therefore, the 25 in the corresponding 
places of the dividend 27125, we say 48 in 271, 5 times. 

Regarding now the quotient 5 as the units to be found in the root, the 
completed divisor 4800+600+25 is SX^iens^+SX^ tens X5 units 
+5 units^', and this divisor multiplied by 5=3X4 tens » X5 units, + 
3X4 tens X5 units ^ +5 units » ; =27126 ; and this added to 4 tens • 
makes up the given number. 

Hence the given number 91125=(4 ien3+5 uniU)* =t:46« ; « 306), 
heaice alao, the root is correctly found by the Rule.^^ 
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(§308 



Note* The quotient figure — being found from sn irusomplste 
divisor — ^will often be a unit or two less than *the number of 
times such divisor is contained in those figures of the dividend, 
which are taken in dividing. 





EXERCISES. 






1. 


Find the cube root of 69319. . . , 


. . . Ans, 


39. 


2. 


Find the cube root of 103823. . 


. . . Ans, 


47. 


3. 


Find the cube root of 262144. . . , 


, . . Ans. 


64. 


4. 


Find the cube root of 2406104. 


. . . Ans. 


134: 


5. 


Find the cube root of 22906304. ♦ . 


. . . Ans. 


284. 


6. 


Find the cube root of s^Wr- . . . 


. . . Ans. 


H- 


7. 


Find the cube root of ailff f +y. . . 


. . . Ans. 


/ijV- 



A more convenient method qfformiuj the Divisors, in Ex- 
tracting the Cvhe Root. 

S 30S* For the first incomplete divisor, take 3 times the 
square of the first figure in the root ; and with this divisor find 
the second figure, as before. 

Complete t& divisor by annexing to it two Os, and adding the 
product of the last figure in the root with 3 times the other 
part of the root prefixed to it, multiplied by the last figure. 

Each succeeding incomplete divisor will be found by adding 
to the last cojnplete divisor, the product which completed it, and 
the si^uare of the last figure in the root. The divisors are all 
completed in the same manner. 

EXAMPLE. 

To extract the cube root of 95443993. 



48 
4800+626=6426 

6426+626+26=6076 
607600+9499=616999 



96'443'993(467 
64 



31443 
27126 



4318993 
4318993 



The first incomplete divisor is 48, equal to 3 times 16, the 
square of 4, — ^which divisor gives the quotient 6, the second 
figure in the root. 

To complete the divisor 48, we annex to it two Os, and add 
626, which is the product of 126, (that is, 6 with three times 
4 prefixed to it), multiplied by 6. The divisor thus completed 
is 6426. 
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For the next incomplete divisor, we add to the last complete 
divisor the product 626 which completed it, and 25, the square 
of 5. 

Having found the quotient 7, we complete the divisor 6076 
by annexing to it two Os, and adding 9499, which is the pro- 
duct of 1357, (that is, 7 with three times 45 prefixed to it), 
multiplied by 7. The divisor thus completed is 616999. 

0^ This method of forming the divisors, involves the same principle, 
(§ 306,) with the Rule before given. 

Thus, the 625 added to complete the first divisor is 125 X 5=( l20-f.5) 
X5=120X6+52=3 times 40X6+52. 

And the incomplete divisor C075=4800+6264-625-}-25=3 times 
402,-|-3 times 40X6+6^4-3 times 40X6-f52,_|_62=3 times 40a+6 
times 40X6+3 times 62=3 times (402+ twice 40X5+62)=3 times 
452. 

The divisors are, therefore, the same as required by the Rule. (§307),,/3) 

EXERCISES. 

8. Find the cube root of 20796876 Ans. 276. 

9. Find the cube root of 28372626 Am, 306. 

10. Find the cube root of 69934528. .... Ans. 412. 

11. Find the cube root of 91125000 Ans, 450. 

12. Find the cube root of 125000000. .... Ans. 600. 

13. Find thj cube root of 131872229. .... Ans. 609. 

14. Find the cube root of 241804367 Ans. 623. 

15. Find the cube root of 997002999 Ans. 999. 

Cube Moot of Decimals, Imjpeffect Cvhes, <kc. 

§ 309. In extracting the cube root, an integer is separated 
into periods from right to fe^. A decimcd must be separated 
into periods of three figures each, from the decimal point 
towards the right ; and one or two Os must be annexed when 
necessary to complete the last period. 

The number of decimcd figures in the root, must be the same 
as the number of periods in the given decimal. 

In finding the root of an imperfect cubey (§ 292), a period of 
Os may be annexed to the last remainder, and the operation 
continued in this manner to any required exactness ; observing 
that each period thus annexed must be counted as a decima 
period belonging to the given number. 

A fraction will be an imperfect cube, if either of its ternis is 
an imperfect cube. Its root in such case will be found, most 
readily, by extracting the root of its equivalent decimal. 

A viUgar fraction annexed to an Integer may be reduced to a 
decimal, and the root of the mixed number be tlien extracted. 
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AMPLICATION OF THE CUBE ROOT. (§ 310. 



([j* The product of three decimal fractions, contains just as many de- 
cimal figures as all the three fiictors. The cube of a decimal fraction has, 
therefore, three times as many decimal figures as the decimal itself 
Hence each decimal jDenoG? must contain ifiree^fif^ures ; and the number 
of decimal figures in the root, must equal the number of decimal 
periods. ,PD 



EXERCISES 



16. Find the cube 

17. Find the cube 

18. Find the cube 

19. Find the cube 

20. Find the cube 
ai. Find the cube 

22. Find the cube 

23. Find the cube 

24. Find the cube 



root of 
root of 
root of 
root of 
root of 
root of 
root of 
root of 
root of 



.389017, . . 
.202262003. 
.23456. . . 
734.673. . . 

7386. . . . 
9873i. . . 
7370|. . . 
479.2736. . 

8377y%. . 



Ans, 
Ans, 
Ans, 
Ans. 
Ans. 
Ans. 
Ans. 
Ans. 
Ans. 



.73. 

.587. 

.616'. 

9.023'. 

19.474'. 

21.462'. 

19.461'. 

7.826'. 

20.309'. 



APPLICATION OF THE CUBE BOOT. 

§ 310* The solidity or volume of a body, in cubic measure, 
18 equal to the product of its length into its breadth into its 
height or thickness. 

Since a cube has its length, breadth, and thickness, equal 
to one another, its solidity is equal to the cube of either of its 
three sides or dimensions. 

Hence, the solidity of a cube being given, either of its three 
dimensions will he found by extracting the cube root of its 
solidity. 

EXERCISES. 

25. What must be the length, breadth, or height of a cube, 
that its volume or solidity may be 1728 cubic feet 1 

Ans. 12 feet. 

26. What must be the length, breadth, or depth, of a cubi- 
cal box, that its capacity may be 2000 cubic feet ? 

Ans. 12.698' ft. 

27. What must be the depth of a cubical cistern which 
shall contain 6000 gallons of water 1 Of one to contain 600 
barrels? Ans. 9.344'yif.; 14.321'^. 

28. What must be the dimensions of a cubical granary 
which shall contain 3000 bushels of wheat 1 One to contain 
10000 bushels] Ans, 16.513'A; 23.173'//. 

29. What must be the dimensions of a cubical cellar whose 
capacity shall be equal to that of another 30 feet long, 20 feet 
wide, and lOj feet deep 1 Atis. 18.469'^. 

30. The soliditiir of a cubical block of marble is 1331 cubic 
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feet. What is the length of the block? and the area of its 
fforface? 

The pupil must consider that the surfaee of the block consists 
of six equal square faces or sides. 

Ans. Length 1 1 ft. ; area 726 sq. ft, 

31. A cubical cistern is to be constructed which shall contain 
300 barrels of water; the bottom and walls of which are to be 
plastered with hydraulic lithe. How many square yards of 
plastering will there be? Ans. 81.056' sq. yd. 

32. A farmer wishes to construct a crib whose capacity shall 
be 2000 bushels, — its breadth and height to be equal, and each 
of these one half of its length. What must be the length of the 
crib ? 

One half of the given capacity will be the contents of a cube, 
each of whose three dimensions is equal to the breadth or height 
of the crib. 

Ans. 21.512ft. 

33. How many square feet will there be in the bottom and 
four sides of a reservoir, the capacity of which is to be 10000 
gallons of water, and the length, breadth, and depth equal to 
one another? Ans. 693.017' sq.ft. 

34. The capacity of the reservoir being as in the preceding 
question, how many square feet would be contained in the bot- 
tom, the two sides and the two ends, allowing its length to be 
double each of its other dimensions ? 04.ns. 698.482^ sq. ft, 

35. What must be the dimensions of a wine vat which shall 
contain 5 barrels, — supposing its length to be equal to three 
times its breadth or depth ? 

The vat will evidently consist of three cubes having their 
length, breadth, or depth equal to the breadth or depth of the 
vat. 

Ans, Length 5.742'; breadth and depth 1.914' /^ 

36. A brewer has a cistern which contains 6 barrels of beer, 
and whose length and height each equal to twice its breadth. 
What then are the dimensions of the cistern ? 

Ans. Length and height 4.13'; breadth 2.065' /f. 

37. What would be the expense of plastering the bottom and 
walls of a cubical reservoir which shall contain 100 barrels of 
water, at $0.37i per square yard? and what would it cost to 
plaster in like manner, and at the same rate, another of equal 
capacity, but having its length 4 times its breadth or height ? 

Ans. $14,612'; and $16,237'. 



\ 
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EXERCISES ON CHAPTKR XII. 

1. Find the square, and also the square root of 384. 

Ans, Square B0656 ; square root, 16.852' 

2. Find the square, and also the square root of 3.26. 

Ans. Square, 10.6276; square root, 1.8055' 

3. Find the square, and also the square root of 7.52. 

Ans, Square, 56.5504 ; square root, 2.7422 

4. Find the square, and also the square root of 83.9. 

Ans, Square, 7039.21 ; square root, 9.159 

5. Find the square, and also the square root of 90.8. 

Ans, Square, 8244.64 ; square root, 9.528 

6. Find the square, and also the square root of .947. 

Ans, Square, .896809 ; square root, .973' 

7. Find the square, and also the square root of j^^, 

Ans. Square, ^-f^^ ; square root, -^ 

8. Find the square, and also the square root of //j. 

Ans. Square, ^fff j ; square root, .328. 

9. Find the square, and also the square root of 235|^. 

Am. Square, 553423^^ ; square root, 15.337*. 

10. Find the square, and also the square root of 476f. 

Ans. S^are, 2272 11^ ; square root, 21.832'. 

11. Find the cube, and also the cube root of 165. 

Ans. Cube, 4492125 : cube root, 6.484'. 

12. Find the cube, and also the cube root of 27.4. 

Ans. Cube, 20670.824 ; cube root, 3.014'. 

13. Find the cube, and also the cube root of 3.28. 

Ans. Cube, 36.287552 ; cube root, 1.485'. 

14. Find the cube, and also the cube root of .463. 

Ans. Cube, .099262847 ; cube root, .773'. 

15. Find the cube and also the cube root of 125^. 

Ans. Cube, 1976666| ; cube root, 5.006'. 

16. How many rods of fence will be required to enclose li 
acres of ground, in the form of a square 1 Ans. 160 rods. 

17. How many rods of fence would be required to enclose 
a field containing 16 A. 2 U. 20 P., and having its length equai 
to twice its breadth 1 An*. 212.130' rods. 

18. A farmer has two tracts of land containing the same 
number of acres. One of the tracts is a square which is 
10000 rods in compass, and the other an oblong whose brea(*th 
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is one-third of its length ; required the dimensions of the 
latter. " Ans. Length 173.205*, breadth 67.735' rods. 

19. How many square feet of plank would be required to 
line the four sides of a cubical cistern which shall contain 500 
barrels of water 1 • Ans, 820.364' sq.fU 

20. A granary whose capacity is 3000 bushels, has its length 
equal to twice its breadth or height. What are the dimensions 
of the granary) 

Ans, Breadth or height 12.312', length 24.624'yil. 

21. Another granary whose capacity is 5000 bushels, has 
its length equal to twice its height, and its height equal to 
twice its breadth. What are its dimensions ? 

Atw. Breadth 9.196', height 18.392', length 36.784'. 

22. A certain orchard contains 822649 trees, and the number 
of rows of trees is equal to the number of trees in each row 
Required the number of rows. Ans. 907. 

23. A bale of linen contained 1521 yards, and the number 
of pieces in it was equal to the number of yards in each piece 
How many pieces were there ? Ans. 39. 

24. A farmer wishes to know what must be the depth of a 
cubical box which shall contain 100 bushels of grain. 

Ans. 4.992'//. 

25. A gentleman has an oblong garden 40 poles in length, 
and 23j!7. in breadth. Intending to reduce it to the form of a 
square, of the same area, he wishes to know what must be the 
length of each side, ' Ans. 30.331';?. 

26.' A certain reservoir for water is 150/2. in length, 100^. 
in breadth, and 20ft. in depth, and is lined at the bottom and 
sides with plank which cost $1.60 per 100 sq.ft. Had the 
reservoir been in the form of a cube of equal capacity, whaf 
would have been gained or lost in the cost of the plank for 
lining it ? Ans. $38,898' gained. 
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ABBEEVIATED OPERATIONS 



IN 



ARITHMETIC 



There are certain abbreviated or contracted methods of calcu- 
lation in particular cases, in which the pupil may be profitably 
exercised, after he shall have become familiar with the general 
Rules of Arithmetic. The most useful of these will be giv^ 
under their appropriate heads. 

We shall first explain the methods of proving Addition, Sub- 
traction, &c., by the following 

Property of the Number 9. 

§ 311* Any number divided by 9 will leave the same re- 
mainder as the sum of its digits divided by 9, 

Take any number, as 345, which is 300-|-40-f-5. 
300=3Xl00=3X(99+l)=3X99-h3; 
and 40=4X 10=4X( 9-f 1 )=:4X9-h4 ; 
then 345=3X99+4X9+3+4+5. 

Now it is evident that 3 times 99+4 tim£S 9 is divisible by 9, 
without a remahider; and therefore the remainder left by 345-f-9 
must be that which is left by the sum of the digits (3+4+5)-f-9. 

Similar illustration will apply to any other number consisting 
of two or more places of figures. 

This property of 9, it may be remarked, is a eoxisequence of 
9's being one less than 10, the basis of numeration. The same 
property belongs to 3, because 3 is a measure of 9. 
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Addition Proved by Refecting 9s. . 

\ 319« To prove Additioiij — reject all the 98 in the sum of 
the digits of each of the numbers which are added together, and 
set down each excess or remainder. Then reject the 9s in the 
stun of these excesses: the remainder must be equal to that 
found by rejecting the 9s in the sum of the numbers 

. EXAMPLE. 

3 47 83 7 

4 8 3 50 2 
3 7 9 3 8 3 



12 10 7 1 12, remainder 3. 

Beginning with the upper line, we say, 3 and 4 are 7, and 7 
are 14, which is 5 above 9; 5 and 8 are 13, 4 above 9; 4 and 
3 are 7. In like manner we find the excesses 2 and 3. 

The sum of these excesses is 12, which is 3 above 9 ; and the 
excess above the 9s in 121071 is also 3. 

The two excesses last found being the same, namely, 3, the 
addition is proved to be correct* • This is evident from consider- 
ing, that in finding each of these two excesses, we find- the excess 
above all the 98 in the numbers which are added together, (4311.) 

Subtraction proved by Rejecting 9s. 

§ 313« To prove Subtraction,^— ^re^eei all the 9s in the sum of 
the digits of the remainder^ and also of the subtrahend. Then 
reject the 9s in the sum of the excesses thus found : the remain- 
der last found must be equal to the excess above the 9s in the 
minuend. 

The reason of this is evident from the method of proving 
Addition,^-the minuend being the sum of the remainder and 
subtrahend. 

The pupil may be required to give an Exampfe of this me- 
thod of proving Subtraction. 

Mtdtiplication Proved by Refecting 9b. 

i 314* To prove Multiplication, — ^reject the 9s in the sum of 
the digits of each factor. Then reject the 9s in the product of 
the excesses thus found: the remainder must be equal to the 
excess above the 9s in the product of the two numbers. 
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EXAMPLE. 

37589 5 

4864 4 



Product 182832896 20 remainder 2. 

The excess above the 9s in the multiplicand is 5, and the 
excess above the 98 in the multiplier is 4. The product of these 
two excesses is 20, in which the excess above the 9s is 2 ; and 
2 is also the excess* above the 9s in the product 182, &c. The 
mtiltiplication is thus proved to be correct. 

Tne reason of this method will appear*from considering, that 
if we reject all the 9s in the multiplicand and multiplier, and 
all the 9s in the product of the two remainders, the effect must 
be to reject all the 9s contained in the product of the two numbers, 

% 

Division Proved by Refecting 9s. 

^ 315* To prove J)tt;i5i(}n,— reject the 9s in the divisor, and 
also in the quotient ; and then reject the 9s in the product of the 
excesses thus found : the remainder must be equal to the excess 
above the 98 in the dividend. 

If there be any remainder in the division, its excess above the 
98 must be added to the product of the excesses above 9s in the 
divisor and quotient. 

This method of proving Division results from the one jiist 
given for Multiplication, — the dividend being equal to the pro- 
duct of the divisor and quotient, plus the remainder, if any. 

The pupil may be required to give an example of thii^ method 
of proving Division. 

Note, The preceding, as well as all other methods of arith- 
metical proof, afford but a high probability, not an absolute cer- 
tainty, of the correctness of arithmetical calculations. For an 
error in the proof may balance an error in the calculation itself, 
so that the two erroneous results will agree. The only absolute 
proof consists in the intuitive truth of each particular result 
arising from the operation, performed according to the prinoiplef 
of the science. 
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Arithmetical Complement — ttsed in Abbreviating the 
Subtraction of two or more Numibers. 

} 316« The arithmetical complement of a number, is the dif- 
ference between that number and a unit with as many Os annexed 
as there are figures in the given number. 

Thus the Complement of 6 is 10—6 =4; 
and the Complement of 64 is 100—64=36. 

The Complement of a number will be found by subtracting ito 
right hand figure from 10, and each of its other figures frmn 9. 

Any number may be subtracted by adding its complement to 
the minuend, and subtracting 1 from that figure in the resuH 
which is next on the left of the subtrahend, 

3 7 5 6 

2 4 

3 7 3 2 

Thus, instead of subtracting the 24, we may add its comph" 
ment 76, and subtract 1 from the resulting 8 on the left. 

D:F* By adding the complement of 24, We hare 3756-f-(100 
—24), which exceeds the difference 3756—24 by 100; we must 
therefore subtract 100, to find the true difference, and this i» 
done by merely subtracting 1 from the hundreds figure. . 

Two or more numbers may be subtriacted at once, by mentally 
adding their complements to the minuend, and subtracting 1 for 
each complement from that figure in the result which is next on 
the left of each subtrahend. 

SXAHFLES. I 

(I.) 4 3 7 6 (IL) 7 4 3 4 (III.) 5 8 6 (IV.) 9 7 6 3 

9 5 1 —8 6 1 3 8 7-2 —8 3 1 

—7 64 3703 —2 305 —173 

-^8 2 —4 9 —8 3 4 —1 6 

3 7 6 1 10 227 6593 8743 

In tiiese examples Hie sign — is prefixed to those numbers 
whieh are to be subtracted from the sum of the other numbers. 

In the first example we find the complements of 2 and 4 by 
by gubtraoting these figures from 10, and add these complements 
with 1 and 6. Carryir^ 2, we subtract the and 6 from 9, 
and add the complements; and in like manner we add the third 
column. Finally, from the fourth resulting figure 5 we subtract 
2, for the two complements that were taken in the third column. 

Let the pupil be required to perform t\u> operations in the 
other Examples. 
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ABBREVIATIONS IN MULTIPLICATION. 

One means of abbreviating Muitiplieation, U, to eommit to 
memory the produds of iiumbere beyond the common limit of tho 
Mulliplicalian Table. 

Tlieae products Ebould be recited thus : 13 rimes 3 is S6; 13 
times 3 is 39, and soon. 

The most useful part of the following Table, is tnm 1 3 X3 to 
13X9, and so on to 19X9; though the whole is well worth Uw 
labor of learning it. 

Supplefnent to the Mtdti^ication Table. 




This Table having been well committed to memory, we may 
multiply at once by 13, 14, &o., as readily a> by a single Qgure, 
Thus 

34789 



453257 
13 times 9 is 117; 13 times 8 is 104, and 11 make 115, &o. 
Without using the preceding Table, wa may apply the fol- 
lowing method : — 

i 817. To Multiplii b^ 13, 14, ^o. to 19. 

1. Multiply by the vmits figure, and add to each partial pfo- 
daot (aiW the first) that figure of the multiplicand which standi 
■atxX on the right of the one maltiplied. 

2. Set down only the right kaivi figure of the Ia«t product; 
add the left to tiw loit figart of tit* mvitiflieitni, ohA eat tiie 
■nm on the left of the other product figuiea. 
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SXAMPLE. 

To multiply 347045 by 13. 

347045 
13 



451 1 585 



3 times 5 is 15; 3 times 4 is 12, and 1 are 13, and 5 are 18; 
3 times is 0, and 1 and 4 are 5 ; 3 times 7 is 21 ; 3 times 4 
is 12, and 2 ig:e 14, and 7 are 21 ; 3 times 3 is 9, and 2 are 11, 
and 4 are 15; 1 and 3 are 4. 

The reason of this method will be understood from consider- 
ing, that if we multiply by the 3, and then by the 1, according 
to the Common Rule, the same additions of figures will occur in 
finding the total product. 

i 318* Another Method of Multiplying by 13, 14, ifo. 

Multiply by the units figure ; — set this product with its tens 
figure under the units of the multiplicand, and thus add the 
product to the multiplicand. 

34705 X 14 
1 38820 



'485870 



In like manner we multiply by 1 with Os and a significant 
figure annexed — always setting the first figure of the partial 
product one more place to the right of the multiplicand than 
thet^ are intervening Os in the multiplier. 



34705 X104 
138820 



3609320 



34705 X 1004 
138820 



34843820 



In the first of these examples there is one intervening in the 
multiplier 104, and we set the first figure of ^he partial product 
two places to the right of the multiplicand. 

* 

By this method the several figures of the multiplicand are 
added to the same figures to which they would be added iu 
finding the product according to the Common Rule. 

The pupil may be required to give other Examples of these 
methods of multiplying. 
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i 319. To Multiply by 21, 31, fyc.to^l. 

- Multiply by the tens figure ; — set this product with its units 
figure under the tens figure of the multiplicand, and thus add 
the product to the multiplicand. * 

74314X21 
148628 



15 60594 



In liKe manner we multiply by any significant figure with Oi 
and a unit annexed — always setting the units figure of the par^ 
tial product one more place to the left of the units of the multi- 
plicand than there are intervening Os in the multiplier. 



74314X20 1 
1 48628 



1493 7 1 14 



743 14 X2001 
148628 



1 ^8702314 



In the first of these examples there is one intervening in the 
multiplier 201, and we set the units figure of the partial product 
two places to the left of the units of the multiplicand. 

This method is evidently equivalent to that by the Common 
Rule: it merely dispenses with multiplying by the 1 in the 
right of the multiplier. 

The pupil may be required to give other Examples. 

4 320. To Multiply by any number of 9s. 
Annex as many Os to the multiplicand as there are 9s in the 
multiplier, and from the result subtract the given multiplicand. 

To multiply 1347 by 999. 

1347000. 
1 347 



1345653 

The annexing of three Os to the multiplicand is equivalent to 
multiplying it by 1000; then the multiplicand subtracted from 
the result leaves 999 times the given multiplicand. 

Other Examples of this method may be required of the learner. 

The following method is applicable to many questions of a 
practical character, and greatly abridges the calculation in all 
the cases which are comprehended under it. 
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i 32 1* When the Multiplier is an Aliquot Part of a number 
Df TenSy Hundreds^ or Thousands. 

Multiply by the number of tens^ hundreds, or thousands of 
which the given maltiplier is an aliquot part, and then take the 
same part of the product thus^und. 

To multiply 2467 by 16f. 

16f is } of 100, since 16f X6=100. 
Then 2467X16|=32467xT=246700-r6=4U16f. 

In adopting this method, the pupil has to find liome integer 
which multiplied into the given multiplier will produce a num- 
ber of tensj or hundreds, or thousands. We give a few more 
examples. 

To multiply 157 by 13J. 

13JX3=40; then lo7X13j=157xV=6280-r3. 
To multiply 157 by 25. 

25X4=100; then 1 57 X 25=1 57 X*J*=1 5700—4. 
To multiply 157 by 166f. 

166fX6=1000; then 157X166f=157X»y«=15700d-=-6. 

The products thus obtained are correct, because the improper 
fractions taken as multipliers are equal to the given multipliers. 



00 



Thus in the last example the multiplier 166f=^y 

Exercises in the application of this method will be found in 
connexion with the corresponding method of Division, which 
immediately follows. 

Other methods of abbreviating Multiplicatioj;^, in particular 
cases, might be given. Some of them will occur to the ingenious 
stndetLt, on the occasions demanding them, and others are of 
little practical utility. We have explained those which are 
most likely to be adopted in practice. 
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ABBREVIATIONS IN DIVISION. 

The most useful method of abbreviating Division, results from 
the one just given for Multiplication. 

f 329« When the Divisor is an Aliquot Part of a number of 
TenSj Hundreds, or Thousands, 

Multiply the dividend by the number by which the divisor 
must be miUtipliffd to produce a number of tens, hundreds, or 
thousands, and divide the product by those tens, hundreds, or 
thousands. 

To divide 2467 by 16|. 

Since 16}X6=100, the divisor 168=^^* ; 
then 2467~^^**=2467XTST>=2467X6-rl00. 

To divide 2467 by 125. 

Since 125X4=:! 000, the divisor 125=» V° J 
then 2467-7-^ y*=2467XT^=:2467X4-M 000. 

For the divisor 15 we may take its equivalent y ; for 35 we 
may take "^^ ; and in like manner whenever the divisor multi- 
plied by an integer produces a number of tensy hundreds, or thou* 
sands, &c. _ 

This method, it will be seen, is but the converse of the one 
last given for Multiplication, (^321); and admits of equally 
extensive application. 

A multiplier or divisor which bears any simple ratio to 1 00, or 
1000, &c., as 37i, 62i, 874, 375, 625, &c., may be brought 
within the application of the same methods. 

Thus 37i, being f of 100, is k of 300; then for 374 we may 
take its equivalent ^§®. For 624 we may take *|'; and for 
874 we may take ''J®. 

Again; 375, being S of 1000, is i of 3000,=2V^ 
625, being | of 1000, is I of 5000,=* V^- 
875, being J of 1000, is i of 7000,='' V«. 

When decimal fractions are involved in these abbreviated 
multiplications and divisions, the number of decimal figures in 
the product or quotient must be adjusted according to the Com- 
mon Rules. 



J 
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MISCELLANEOUS EXERCISES. 

The pupil should explain the operations in these exerdsea^ 
and repeat them until the subject is familiar to him. 

By abbreviated methods find the Product 

1. Of 3725X17,— of 57039X19,— and of 73165X109. 

^715. 63325 ; 1083741 ; and 7974985. 

2. Of 2709X41,— of 38740X71,— and of 48365X801. 

Ans. 111069; 2750540; and 38740365. 

3. Of 6347X99,— of 54398 XI 2i,— and of 68371X133 J. 

Ans. 628353; 679975; and 91161331. 

4. Of 1450X11 J,— of 20732X161,— and of 56814X125. 

Ans. 16111J; 345533J; and 7101750. 

5. Of 2135X25,— of 41640X103,— and of 13472X111 J. 

^715. S3375; 4288920; and 1496888|. 

6. Of 7318X37i,— of 38431X375,— and of 51031X401. 

Ans. 274425; 14411625; and 20463431. 

7. Of 1693X45,— of 37304 X87i,— and of 43721 X66J. 

Ans. 76185; 3264100; and 2914733). 

8. Of 5478X624,— of 43821 X625,— and of 37951 X333 J. 

Ans. 342375; 27388125; and 12650333). 
~ 9. Of 37.36X1.3i,— of 738.30 X3.50,.and of 47300X1.66J. 

Ans. 49.813J; 2584.05; and 78833.33). 

10. Of 6.461X.13,— of 9348,3X.225,— and of 73047X.9999. 

Ans. .70993; 2103.3675; and 73039.6953. 

By abbreviated methods find the Qmtient 

11. Of 1375-7-3 J,— of 76834-7-25,— and of 84783-7-175. 

Ans. 412i; 3073^; and 484^^7* 

12. Of 8364-7-35,— of 38639-r-lli,— and of 74950-r-16|. 

Ans. 238ff; 3477^V; and 4497. 

13. Of 7460-rl24,— of 86348-r75,— and of 83764-^111^. 

Ans. 596J; 1151||; and 753f j|. 

14. Of 3701^-45,— of 95406-r37^,— and of 73841 -7-66I. 

Ans. 82 JJ; 2544/y; and 1107||J. 

15. Of 4632-r^2|,— of 14783-7-55,— and of 83760-r-133j. 

Ans. 74^y; 268|§; and 628}. 

16. Of 3761-7-25,— of 30304-r87^,— and of 73641-7-875, 

Ans". 150|}; 346^% J and 841 j^ J. 

17. Of 83.46-rl2j,— of 40.763-rl25,— and of 94378-r3.33i. 

^TW. 6.6768; .326104; and 28313.4. 

18. Of 7.600-7-16},— of 13721-7-.37i,— and of 73491-7-1.661. 

Ans. .456; 365891; and 44094.6. 
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ABBREVIATIONS IN MULTIPLICATION OF DECIMAL& 

By the common Rule for the Multiplication of Decimals, the 
product will often contain more decimal figures than it is neces- 
sary to find. In such cases we may adopt the following method 
of contracting the operation. . 

§ 393* To Contract the MultipliccUion of Decimals to the 
finding of a given number of decimal figures in the product. 

The method of doing this will he exhihited hy the following 

EXAMPLE. 

To multiply 37.14586 hy 92.83, so far as is necessary to £na 
three decimal figures ixi the j^Toduct. 

3 7.14 58 6 
3 8.2 9 



3343127 

74292 

297 16 

1114 

3 4 4 8.2 4 9 



We set the units figure of the multiplier under that decimal 
place of the multiplicand which is the hist to be retained in the 
product. In this example the units 2 in the multiplier is set 
under the third decimal figure in the multiplicand, since we are 
to find three decimal figures in the product. 

The remaining figures of the multiplier are set in reverse order 
— ^the integer 92 on the right of the decimal point, with its digits 
reversed, and the decimal 83 on the leQ;, with its digits reversed. 

In multiplying we hegin with that figure of the multiplicand 
which stands directly over the multiplying figure ; thus in mul- 
tiplying hy 9 we hegin with the 8; in multiplying hy 2 we hegin 
with the 5 ; and so on. But to secure an average correctness in 
the first figures of the several products, we add to each the near- 
est numher of tens that would arise from multiplying the rejected 
right hand figure of the multiplicand. And here ohserve, that 
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When the rejected right hand figure would give a product 
midway between two numbers of tenSy as 15, 25, 35, and so on, 
we take the greater numher as the nearest value, because such 
product would generally be increased from multiplying the other 
rejected figures. 

The several products thus formed will all begin with the 
same order of decimals as the last decimal figure to be retained 
in the product required. In this example, the .0008 multiplied 
by the 9, which is 9 tens or 90, produces 72 thousandths; the 
.005X2 produces 10 thousandths, and so on; and thousandths is 
the last order to be found in the product of the given numbers. 

The first figures of the several products must therefore be set 
one under another; and in this order the products must 'be added 
together. 

Note. The last decimal figure in the product found as above, 
will often be the same that would be found in that place by the 
common Rule, and will very seldom be wrong by more than a 
unit. 

By that Rule the product in the preceding Example would be 

3448.2501838. 

* When the multiplicand has not as many decimal figures as 
are required in the product, Os may be annexed to supply the 
deficiency. 

EXERCISES. 

1. Multiply 73.1285 by 4.1316, for two decimal figures in the 
product. Ans. 302.12'. 

2. Multiply 130.375 by .47348, for three decimal figures in 
the product. Ans. 61.728'. 

3. Multiply 8714.38 by 37.505, for three decimal figures in 
the product. Ans. 326832.822', 

4. Multiply 570.794 by 1.7383, for four decimal figures in the 
product. Ans. 992.2111'. 

5. Multiply 97375.8 by .37649, for four decimal figures in the 
product. Ans. 36661.0149'. 

6. Multiply 30.7307 by 21,378, for five decimal figures in the 
product. Ans. 656.96090'. 

7. Multiply .873805 by .75074, for five decimal figures in the 
product. ' Ant. .65599'. 
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ABBREVIATIONS IN DIVISION (ff DECIMALS. 

When there are many figares in the divisor, and it is necessary 
to find only a few dedmal figures in the quotient, the division 
may be abbreviated by omitting a part 0f the customary operation. 

J 3d4* To Contract the Division of Decimals when only a 
given number of decimal figures are required in the quotient. 

The method of doing this will be illustrated by the following 

EXAMPLE. 

To divide 2508.92806 by 92.4135, so far as is necessary to 
find two decimal figures in the quotient. 

9 2.4.1,3 5 ) 2 5 8.9 2 8 6 ( 2 7.1 4 . 
1 8483 



^606 
6469 

137 
92 



45 
37 

We first consider how many figures the quotient will contain. 
In this example the quotient will contain faur figures, two inte- 
gral figures from dividing 92 into 2508, and the two required 
decimals. 

We divide at first by as many figures in the left of the given 
divisor as there are to be figures in the quotient : — ^in this exam- 
ple we divide by 9241 ; and instead of afiixing the next figure of 
the dividend to the remainder, for a new dividend, we reject 
another figure from the divisor, and divide 924 into (5606; and 
80 on. 

This divisor and dividend have each one-tenth of the value 
that would accrue to them from an additional figure on the right 
of each, (§ 16); hence the quotient figure remains the same, 
»57). - 

In multiplying the partial divisors by the quotient figures, it is 
proper to carry the tens that would arise from multiplying the 
rejected figure on the right, as in contracted multiplication of 
decimals. (^ 323). 
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Note, When tl^ie divisor has not as many figures as are re« 
quired to be found in the quotient, tiie division must proceed 
according to the common Rule, until the figures in the divisor 
are one more than those remaining to be found in the quotient. 



BXERCI8ES. 

1. Divide 2857.35 by 743.672, so that the operation shall 
terminate with two decimal figures in the quotient. 

^715. 3.84'. 

2. Divide 738.973 by 205.864, so that the operation shall 
terminate with three decimal figures in the quotient. 

Atis. 3.689*. 

• 

3. Divide 5037.64 by 7.38713, so that the operation shall 
terminate with three decimal figures in the quotient. 

Ans. 681.948. 

4. Divide 1384.47 by 237.416, so that the operation shall 
terminate with four decimal figures in the quotient. 

Ans. 5.8314'. 

5. Divide 4743.86 by 12.3075, so that the operation shall 
terminate with four decimal figures in the quotient. 

Ans, 385.4447'. 

6. Divide 743.640 by 247.381, so that the operation shall 
terminate with five decimal figures in the quotient. 

Ans. 3.00605'. 

7. Divide 708.349 by 46.8413, so that the operation shall 
terminate with five decimal figures in the quotient. 

Ans. 15.12232'. 

8. Divide 3.783943 by .785, so that the operation shall ter- 
minate with' five decimal figures in the quotient. 

Ans. 4.82030'. 

9. Divide 7348.3646 by 3.7, so that the operation shall ter- 
minate with four decimal figures in the quotient. 

Ansi 1986.0444'. 

10. Divide 1037.3987 by 276.03, so that the operation shall 
terminate with six decimal figures in the quotient. 

Ans. 3.758283'* 
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§ 395. In extracting roots, the successive divisors are soon 
found to be alike in the first two or three left hand figures. If 
the root is to contain decimals, and the figures remaining to be 
found are less in number than those in the last complete divisor, 
the operation may then be continued as in Contracted Division 
of Decimals, (§ 324.) 

EXAMPLE. 

1. To extract the square root of 2 to 5ix decimal figures. 



2 
1 



(1.414214' 



24 



281 



2 8 2,4 



282 



28 



100 
9 6 



400 
281 



11900 
1 1296 



604 
565 

39 

28 

11 

We proceed according to the Common Rule to find the first 
four figures, 1.414, in the root. The divisors, 281 and 2824, 
have become the same in their two left hand figures ; and the 
three figures remaining to be found in the root do not exceed in 
number those in the divisor 2824. 

The operation is continued by rejecting the right hand figure 
of the divisor, and using its other figures and the remainder in 
the same manner as in Contracted Division of Decimals. 

The correctness of this method will be evident from consider* 
ing, that the value of each succeeding figure in the root, depends 
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oa the first two pr three figures in the left of the corresponding 
divisor. 

Instead of annexing 00 to the remainder, we reject two figmres 
*in the right of the divisor, namely, the right hand one of the 
preceding divisor, and the one obtained from dividing. This 
does not afiect the value of the resulting root or quotient, since 
the divisor and dividend thus taken are each reduced to 0710 
hundredth of the value that would accrue to them from the 
additional figures on the right of each, (j 57.) 

The same method of contraction is applicable to the cube root, 
and for similar reasons. 

Note. The number of figures that may be found in the root 
after the contraction commences, will evidently be one less than 
the number in the last complete divisor that was used ; but the 
last figure thus found may be incorrect. In the preceding 
example, the root carried to the same extent by the Common 
Rule, is 

1.414213^ 

This uncertainty in regard to the last figure, is of little im- 
portance when the root contains several decimal figures. 

The preceding method of contraction is to be applied to the 
following 

EXERCISES. 

1. Extrjkct the square root of 3 to five decimal figures. 

Ans. 1.73205\ 

2. Extract the square root of 5.13 to five decimal figures. 

Ans. 2.26495'. 

3. Extract the square root of 7.35 to six decimal figures. 

Ans. 2.711088'. 

4. Extiuct the square root of 21.345 to six deelmal figures. 

Ans. 4.620065*. 

5. Extract tke square root of 7342.5 to six decimal figures. 

At^. 85.688393% 

6. Extract the cube root of 4 to &v^ deeimal figures. 

Ans. l.«874d'. 

7. Extract l^eouberdotof 5.18 to fiy^deoii^aldgureft. 

Ans^. 1.73081^, 

8. Extract the cube root of 285.75 to five decimal figures. 

Ans. 6.58009^ 
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THE HIGHER ROOTS. 

i 3d6« The fourth root of a number is that number whose 
fourth power is equal to the given number ; the fifth root of a 
number is that number whose fifth power is equal to the given 
number ; and so on. 

Thus 3 is the 4th root of 81, since the fourth power of 3 is 81 ; 
and 2 is the 5th root of 32, since the fifth power of 2 is 32. 

J 337« The fourth root may be obtained, most readily, by 
extracting the square root of the square root of the given number 

Thus the square root of 625 is 25, and the square root of 25 
is 5; then 5 is the 4th root of 625, since, from the manner in 
which the 5 has been obtained, its 4th power must be equal 
to 625. 

The square root of 6561 is 81, and the square root ef 81 is 9 ; 
then 9 is ihQ fourth root of 6561. 

In general terms, 

§ 32 S* Any root whose fractiojaal exponent is resolvable into 
two factors^ may be foimd by extracting such root of the given 
number as is denoted by one of those factors, and then such root 
of that root as is denoted by the other factor. 

The 6th root is equal to the cube root of the square rootj or the 
square root of the cube root, — ^the fraction ^, which is the expo- 
nent of the 6th root, being equal to |Xy. 

The 5th root cannot be extracted in this way, since the expo- 
nent J cannot be resolved into two factors. A similar remark 
is applicable to the 7th root, &c. 

Note. General Rules might be given for extracting the higher 
roots of numbers. These rules, however, are very tedious in 
their application; and these higher roots are not required in 
any calculations which properly come within the sphere of 
Arithmetic. At a more advanced stage in his mathematical 
studies, the pupil will meet with the proper applications of 
these roots, and the best methods of extracting them. 



REMARK. 

The preceding, it is believed, comprise most, if not all, of the meth- 
ods of abbreviating the operations under the General Itules of Arith- 
metic, that can be conradered as practically useful. 

By pursuing these methods in connection, as has been done in the 
present wor^ they may more conveniently be made a subject of dis- 
tinct study by the pupil ; while, by the same arrangement, the. most 
important directions relating to them, have been given in brief, bnt 
comprehensive terms. 
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REPEATING DECIMALS. 

i 3d9« A repeating decimal^ also xsalled a Repetendy is one in 
which the same figure or figures recur in immediate and contin- 
ual succession. 

In reducing ^ to a decimal, we obtain the repetend .333 and 

so on. which is denoted by .3, a point over the repeating figure. 

In reducing ^ to a decimal, we obtain the repetend .181818 

&c., which is denoted by .18, a point over the first and the last 
* repeating figure. 

i 330* A mixed repetend is a decimal in which other figures 
precede a repetend or repeating decimal. These precedent figures 
are called finite figures, — ^the number of figures in the repetend 
itself being infinite. 

Thus if we reduce 1% to a decimal, we shall obtain the mixed 

repetend .416, in which .41 are the finite figures. 

In what cases R&petends occur. 

k 331* Decimal division will always produce a repetend when 
the divisor and dividend are prirjie to each other, and the divisor 
contains any other prime factors than 2 or 5. 

Suppose that 13 is to be divided, decimally, by 15; these 
numbers having no common measure greater than a unit. 

We annex decimal Os to 13, and divide the result as an integer. 
The Os annexed, multiply the 13 successively by 10. or 2X5; 
and this introduces the factors 2 and 5 into the dividend. 

But the factors of 15 are 3 and 5, the first of which is not a 
factor of the dividend. Hence in dividing 13 with Os annexed 
by 15 there will always be a remainder; that if, the division 
will never terminate. 

Every case of interminable division will result in a repeating ' 
decimal. For as the remainders, to which Os are annexed, are 
always less than the divisor, some one remainder must occur a 
second time before the number of divisions is equal to the divisor; 
and then the same figures will recur in the quotient that suc- 
cee4ed the first occurrence of that remainder : that is, the quotient 
will become a repetend. 
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Repeating Decimals Reditced to Equivalent Vidgar 

Fractions. ^ 

i 339. A Repetend is always equal to a vulgar frastion 
whose numerator is the repeating figure or figures, and denomi- 
nator as many 9s as there are repeating figures. 

For, hy reducing ^ to a decimal, we obtain the repetend 

• • • • 

.1 ; then .1=7; and consequently .2=3}; ^3=1} &c. 

By reducing ^V ^^ ^ decimal, we obtain the repetend .01 ; 
then .61=:^; .62=^; .03=^; .&4=^, &c. 

By reducing ^yg to a decimal, we obtain the repetend .001 ; 

then .6oi=Tr{7; •002=5!^; .6o3«=yf7, and so on. 

The same method of illustration may be applied to a repetend 
consisting of four, five, or more figures. 

Thus we should find .0001=^^^; .0002=^^, &<r. 

i 333* The value of a mixed repetend may be expressed by 
a complex or mixed decimal, (H32) ; and this decimal may then 
be reduced to a vulgar fraction. 

■ 

Thus in .416 the repeating figure 6 annexed to .41, is equiva* 
)cint to $ or f annexed. (§ 332.) 

Then .4l6=.41f:=~|=»|5-rl00=4f|=:A. 
These principles are to be applied in the following 

EXERCISES. 

1. Reduce .5 to an equivalent vulgar fraction. 

2. Reduce .15 to an equivalent vulgar fraction. 

3. Reduce .24 to an equivalent vulgar fraction. 

4. Reduce .513 to an equivalent vulgar fraction. 

5. Reduce .412 to an equivalent vulgar fraction. 

6. Reduce .503 to an equivalent vulgar fraction. 

7. Reduce .264 to an equivalent vulgar fraction. 

8. Reduce .3036 to an equivalent vulgar fraction. 

9. Reduce .2412 to an equivalent vulgar fraction. 
10. Reduce .3330 to an equivalent vulgar fraction. 



Ans, 


I 


Ans. 


/j. 


Ans. 


33' 


Ans. 


^. 


Ans. 


m- 


Ans. 


ift 


Ans. 


88 


Ans. 


93 

W3- 


Ans. 


m- 


Ans. 


1099 



« 



CONTINUED FRACTIONS. 

4 334* A continued fraction is one whose numerator is unity, 
and denominator the sum of^ixn integer and a fraction whose 
numerator is unity, and so on, as before. 

The following is the usual method of expressing •a continued 
fraction : 

1 

2+1 



3+1 



5+i. 



The partial fractions 4, J, &c.,— each succeeding one of which 
is to be added to the denominator of the preceding one, — ^may 
be called the terms of the continued fraction. 

A continued fraction may also be expressed by placing its 
terms one directly after another, with the sign + between the 
denominators; thus 

11 1 1 

2+3+5+6 

i 335. Continued fractions ai'e employed to find, in lower 
terms, successive approximations to the value of a fraction or 
ratio whose terms are large, and prime to each other. 

For example, suppose we wish to find, in lower terms, ap' 
proximate valu£s of i^j whose exact value cannot be expressed 
m lower terms. 

Dividing both the given terms by the less, we find 

131 1 



418 3/A 
Disregarding the fraction in the denominator, we have - for 
the first approximate value of the given fraction. 

This first approximation 'uLgreater than the true value, because 
the denominator 3 is less than the true denominator 3^^. But 
since this denominator is between 3 and 4, the true value !■ 
between 1 and i. 
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To find the second approximate value^ vre reduce the i^ in 
the same maimer as the given fraction ; thus 

25 1 . 

131 "^6^. 

131 1 1 
Then t7-==^. 



418 3-f5^. 

Disregarding the last fraction in the xlenominator, we have 
1 1 • 

g , -=l-7-V==A> ^^^ *^® second approximation. 

This second approximation is less than the true value, because, 
by rejecting the ^7, the term i becomes greater than the true 
value to be added to the denominator 3. 

To find the third approximate value, we reduce the ^j in the 
same manner as before j thus 

25""4j- 

«,, 131 1 1 1 

Then ..^=, 



418 3+5+4i 
Disregarding the last fractioii in the denominator, we have 

3-L54-4~ Q.j-l-:-2i ~?l? ^^^ *^® third approximation. 

This third, approximation is greater than the true value; 
because by rejecting the ^ the ^ becomes too much to add to the 
denominator 5 j and thence results too small a value to add to 
the denominator 3. . 

We have thus obtained the three approximating fractions, J, 
^, and f ^, which are alternately greater and less than the given 
fraction. If the remaining partial fraction ^ be included in the 
valuation, the result will be the given fraction. 

From the preceding example we may derive the Allowing 
principles in relation to 

Approximating Fractions. 

^ 336. Any given proper fraction may be reduced to a con 
tinued fraction by dividing both its terms by the numerator,-- 
proceeding in like manner with the fraction formed of the re 
mainder and divisor, — and so on; and connecting each succeed 
ing partial fraction, by the sign -f, to the preceding denomincUot 
Then. 
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1 . Th/b first partial fraction will be the first approximatiwih to 
the v&lue of the given fraction. 

Thus i in the preceding example (f 335) is the flnrt; approad* 
mation to the value of |f |. 

2. The second approximation will have for its numerator the 
denominator of the second partial fraction ; and for its denomi- 
nator the product of the denominators of the first and second 
partial fractions, plus 1 . . 

Thus in ^, in the preceding example, the numerator is tho 
second partial denominator; and the denominator 16 was found 
by multiplying 5 into 3, and adding 1. 

3. The two terms of each succeeding approximation^ will be 
found by multiplying the corresponding partial denominator int6 
the two terms, respectively, of the preceding approximation, and 
adding the terms of the next preceding one. 

Thus in the third approximation^ f|, the numerator 21 was 
found by multiplying 4 into 5, and adding 1 ; and the denomina- 
tor 67 by multiplying 3 into 21, and adding 4, which is equiva- 
lent to 4X16+3. 

If we proceed in like manner to find the fourth approximati<m, 
we have 6 X21+5=131, for the numerator; and 6X67+16=418, 
for the denominator; that is, we reproduce the given fraction ^f }. 

We may also conclude from the same example, that 

t 337* Every odd aproximating fraction, as the firatj third^ 
and so on, will be greater than the given fraction ; while every 
even onerwill be less than the given fraction. 

Thus we found i to be greater, -g^ to be less, and || to be 
greater, than ffj* 

The value, therefore, of the given fraction lies between any 
two consecutive approximating fractions. But it is desirable to 
ascertain more definitely the accuracy of eaeh saocessive ap- 
proximation. 

i 33§, Any one of the. approximating fractions differs is 
value from the given fraction by less than a unit divided by the 
denominator of that approximation multiplied into the doxiomi- 
nator of the next approximation. 

To proVefhis we first obserrs that if twe ooMMOtlve ^»pr^- 
mating fractions be reduced to a common denominatOTj ^bM 
roAuUing iiisoioratoiri will always differ by a unit. 
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Thiu taking^the i^ and %}, found in the example before giv^ 
and reducing them to a common denominator, the numeratom 
will become ^ 

5X67 and 21X16. 
Recollecting the composition of the 67 and 21, according to 
.^336, we have 5X67=5X(4X16+3)=5X4X16+5X3; 
and 21X16=(4X5+1)X16=4X5X16+1X16. 

From the manner in which these numerators are formed, tof 
jnst shown, they necessarily differ from each other by a unit; 
.and this method of illustration will apply to all like cases. 

The difference between the y^ and f| will then be T^r:^. 

But we have already seen that the value of the given fraction 
lies between -^ and f^, (i 335,) and therefore differs from either 
of these less than they differ from each other. 

Hence -^ differs in value from l^\ by less than l-r(16X67). 

From the preceding principle it also follows, that 

i 339* Any particular approximation differs in value from 
the given fraction by less than a unit divided by the square of 
ike denominator of that approidmation. 

Thus I differs in value from {f J by less than l-rl6^, since 
1-M6^ is less than 1-H16X67). 

The priociples of § 336 may now be applied to the following 

£X£^CIS£S. 

1 . Find approximate values of i^^ . Ans. J, j^, ^ . 

2. Find approximate values of -^^^ Ans. I, J, ^^y. 

3. Find approximate values of yVirr- ^ns. ^, ^, ^^, * -|8. 
4- Find approximate values of ^^^. Ans. I ^, ^, ^, ^. 

To obtain approximate values of a decimal fractionj the de- 
nominator of the fraction must be supplied. 

Thus for .83 ve would take •^. 

5. Find approximate values of .329. Ans, J,^, ^. 

6. Find approximate values of 2.17. Ans. 2J, 2^, 2^. 

7. Find three «ppr(Kcimate values of 3.U159', whidi is the 
r«tio of th* oircan^erence to the diameter of a, circle. 
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ARITHMETI.CAL PROGRESSiON. 

i 340* An Arithmetical Progression is a series of quan- 
tities which continually increase or decrease by a common 
difference. 

Thus 1, 3, d, 7, 9, is a progression which increases by the 
continual addition of the common difference 2 ; 

And 15, 12j 9, 6, 3, is a progression which decreases by the 
continual subtraction of the common difference 3. 

The first and last terms of a progression are called the two 
extremes J and all the intermediate terms the means. 

% 

The following are the most useful principles relating to Arith- 
metical Progresi^ion. ^ 

TJie Last Term. 

S 341* The last term of an increasing arithmetical progres- 
sion, is equal to the first term flus the product of the common 
difference multiplied into the numib>er of terms less one. 

This is evident from considering that the 2d term is formed 
by adding the common difierence to the 1st term, the 3d by add- 
ing the common difference to the 2d, and so on, — the number of 
these additions being always one less than the number of terms 
in the progression. 

When t^e progression decreases, each succeeding term "viill be 
Ibund by subtracting the common difference from the preceding 
one. Hence, 

i 342. In a decreasing arithmetical progression the last term 
is equal to the first term minus the product of the common 
difference multiplied into the number of terms less one. 

Or, more generally, 

{ 343. The greater of the tii^o extremes of an arithmetioa. 
progression, is equal to the less plus the product of the common 
ditference multiplied into the number of terms less one ; or the 
less extreme is equal to the greater minus the same product. 



{ 
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T%e ComTnon Difference. 

§ 344. The common difference of tl\e terms in an arithmeti- 
cal progression, is equal to the difference between the two ex- 
tremes divided by the number of terms less one. 

This follows from the manner in which either one of the two 
extremes is derived from the other extreme, common difference, 
and number of terms, (^ 343.) 

The Sum of the Two Extremes. 

i 345* The sum of the two extremes in an arithmetical pro- 
gression, is equal to the sum of any two terms equidistant from 
them, or to twice the middle term when the number of terms 
is odd. 

Taking the first term 1, and the common difference 8, we have 
the progression, 

1, (1+2), {l+twice 2), (1+3 times 2), (1+4 times 2). 
Of these five terms the sum of the first and last is 
1+1+4 times 2, equal to 2+4 times 2 ; 
and the sum of the second and /ottr/A, equidistant from the two 
extremes, is 1+2+1+3 times 2, also equal to 2+4 tim£S 2. 

We also see that the sum of the two extremes is equal to tieiot 
the middle term {l+twice 2). - 

Similar illustration will apply to any number of terms. 

t 346* An arithmetical mean between two given terms, is 
equal to half the sum of those terms. 

For the sum of the two given terms, considered as tho two 
extremes of a progression, is equal to twice the mean or middle 
term. 

The Sum of €dl the Terms, 

i 347* The sum of all the terms of an arithmetical progres- 
sion, is equal to half the sum of the two extremes multiplied 
into the number of terms. 

To prove this we add the several terms of an arithmetical 
progression to those of the same progression reversed ; thus 

1, 3, 5, 7, 9 

10, 10, 10, 10, 10 
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The sum 10+10+10 &c. of the two series is the flum 10 of 
the two extremes, 1 and 9, in either series, multiplied into the 
number of terms ; henee the sum of either series is equal to half 
the sum of the two extremes multiplied into the number of terms. 

The preceding principles are applicable to the following 

EXERCISES. 

1. The first term of an arithmetical progression is 2^, the 
common difierence If, and the number of terms 13 : what is the 
last term? Ans, 23|. 

2. The .first term of a decreasing progression is 150, the com- 
mon difierence 3|^, and the number of terms 16 : it is required 
to find the last term. Ans. 974. 

3. If the first term of an arithmetical progression is 7, the last 
term 68}, and the number of terms 21, what is the common 
difference? Ans. 3^. 

4. What is the first term of an arithmetical progression in 
which the common difference is 5, the number of terms 17, and 
the last and greiitest term 137^? (§ 343.) Ans. 57|. 

5. Tf the first term of an arithmetical progression is 5^, the 
last term 187^, and the number of terms 25, what is the 13th 
or middle term ? Ans. 96|. 

6. What number inserted between the numbers 150 and 582, 
will form with those numbers an arithmetical progression ? that 
is, what is the arithmetical mean between 150 and 582 ? 

Ans. 366. 

7. What is the sum of all the terms in an arithmetical pro- 
gression, in which the first and last terms are 31 and 487^ re- 
spectively, and the number of terms 100? Ans. 25925. 

8. What is the sum of all the numbers in the natural series 
1, 2, 3, 4, and so on to 1000 inclusive? Ans, 500500. 

9. What is the sum of all the terms in an arithmetical pro 
gression, in which the first terra is 1, the common difference 5 
and the number of term's 17^ ? Ans. 7462368. 

10. Allowing 450 yards of cloth to be sold at 5 cents for tht 
1st yard, 10 for the 2d, 15 for the 3d, and so on, what would bt 
the^rice of the last yard? Ans. $ 22.5. 

11. If a person having a journey of 575 miles to perform ii 
15 days, travel the fifst day 30 miles, — what must be the ave 
rage increase of his daily progress that 50 miles may remaii 
for the last day? Ans. 1^ miles. 
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12. A has 225^ acres of land. B has 3fi8| acres, and C has 
as much less than B as A has less than C : how many acr^ 
then has C ? ' Ans. 297J. 

. 13. Four persons on comparing their ages find that the first is 
as much younger Ihan the second as the second is younger, and 
the fourth older, than the third. The ages of the first and third 
are 21i and 564 years respectively; how old is the fourth? 

Ans. 73^1 years. 

1 4. Suppose a person to build 320 rods of fence on the con- 
ditions of receiving 3 cents for the Jst rod, 5 for the 2d, 7 for 
the 3d, and so on; what would he the price of the last rod? 
and what would the whole work amount to ? 

Ans. $6.41, and $1030.4. 

15. If 20^ and 35^ be taken for the two extremes of an arith- 
metical progression consisting of six terms, what numbers will 
form the four intermediate terms ? 

The difference between, the two extremes -^ the number of 
terms less one, is equal to the common difference of the terms, 
«343.) 

Hence (35j— -20|)-7-5=3 is the common difference in the pres- 
ent case ; and the four mean terms may now be readily found. 

Ans. 23|; 86^; 29|; 32|. 

16. A person having a journey to accomplish in 7 days, pro- 
poses to travel on the first and last days 30 and 40 miles, 
respectively, and to have his daily advances throughout in 
arithmetical progression. What distances must he go on the 
intermediate days ? Ans. 31§, 33 J, 35, 36|, and 38 J miles. 

17. If the sum of five terms of an arithmetical progression, is 
300, and the first of them is 20; what are the remaining terms?* 

The sum of the five terms -f- 5, is equal to half the sum of the 
two extremes, (^ 347.) 

Hence 300-r5=60 is half the sum, and, consequently, 120 is 
the sum, of the two extremes. Then 120 — 20=100 is the last 
term, 

Ans. 40; 60; 80; 100. 

• « 

18. A debt of $3000 is to be paid in 6 equal installments, the 
fiifit of w^hich is to be S600, and the others are to decrease regu- 
larly by a common difierence. What will the remaining install- 
ments be? ^725. $560; 520; 480; 440; 400. 



OtSoiOTRldAL PfiOORESSlbN. 275 



GEOMETRICAL PROGRESSiaN. 

i 9t4§« A Geometrical Progression is a series of quantities 
in which each succeeding term has the same ratio to the term 
which immediately precedes it. 

Thus 1; 2, 4, 8, 16, is an increasing progression in which each 
succeeding term is flfoM^/fi the one which immediately precedes 
it; that is, the ratio of the progression is 2, (§212). 

And 27, 9, 3, 1, I, is a decreasing progression in whioh each 
succeeding term is one-third of the one whioh immediately pre- 
cedes it; and the ratio of the progression is consequently i. 

Henoe the successive terms of a geometrical progression consist 
of the first term multiplied continually into the ratio^ that is, 
multiplied into the successive powers of the ratio. 

The first and last terms of the progression are called the two 
extremes ydjidi the intermediate terms the means. 

The following are the most useful principles relating to Gelo- 
metrical Progression. 

The Last Term. 

§ 349* The last term of a geometrical progression is equal to 
the first term multiplied into that power of the ratio which is 
expressed hy the number of terms less one. 

If the first term he 1, and the ratio of the progression 3, the 
series will he 

1, 1X3, 1X3X3, 1X3X3X3, and so on. 

The second term, 1X3, is the first term multiplied into the 
first power of the ratio; the third term, 1X3X3, is the first term 
multiplied into the second power of tlie ratio ; and so on, to the 
last term, in which the power of the ratio will evidently he 
expressed by the number of terms less one. 

From the preceding, it follows, that 

§ 350. The first term of u geometrical progression, is 'equal 
to the last term divided by that power of the ratio which is 
expressed by the number of terms less one. 
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Product of the ttoo Eatremes. 

} 351. The product of the two extremes in a geometrical pro- 
gression, is equal to the product of any two terms equidistant 
from them, or to the square of the middle term when the num- 
ber of terms is odd. 

In the progression 

2, 2X3, 2X3^, 2X3», 2X3*, 
the product 2X2X3*, of the first and last terms is equal to that 
of the second and fourth terms, which are equidistant from them; 
and is also equal to the square of the middle term 2X3^. 

This principle will be found to be true whatever be the num- 
ber of terms in the progression. 

i 352* A geometrical m^an, or a mean proportional, between 
two given terms, is equal to the square root of the product of 
those terms. 

For the product of the two given terms, considered as the 
two extremes of a geometrical progression, is equal to the square 
of the mean or middle term. 

The Sum of all the Terms. 

} 353* The sum of all the terms of a geometrical progression, 
is equal to the difference between the first term and the product 
of the last term multiplied into the ratio, divided by the difference 
between the ratio and a unit. 

Take the progression 1, 3, 9, 27, in which the ratio is 3, 
Multiplying each term by the ratio, we obtain 
the serif's 3, 9, 27, 81. 

The sum of the terms in this second secies is 3 times the sum 
of the given series. If then the first series be subtracted from 
the second, the remainder will be equal to twice the given series. 

In subtracting, the 3, 9, and 27 in the first series, will cancel 
the same terms in the second series, and the remainder will be 
81—1, or 

27X3—1. 

This remainder, as already shown, is twice the sum of the 
given series. Hence (27 X3— i )-r2=the sum of the series. 

The dividend in this expression is the difference between the 
first term 1 and the product of the last term 27 multiplied into 
the ratio 3 ; and the divisor 2 is the difference between the ratio 
and a unit. 
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A Decreasing Progression with an Infinite Numbnr of 

Terms. 

i 354. When the ratio of a geometrioal progression is a 
proper fraciionj th« succeeding terms will continually diminish; 
and if the number of terms be supposed infinite^ the last term 
will be 0. 

In the series 3, J, |, ^V? A? *^^ ®^ on, in which the ratio of 
progression is J, the terms continually diminish, and the series 
would terminate in if the number of terms were infinite. 

4 355* The sum of ^u infinite number of terms in a decreasing 
goometrical ' progression, is equal to the first term divided by 
the difference between the ratio and a unit. 

The sum of the series 

3, J,|, gVj A> ^^^ ^^ ^"; t<> ^^ infinite number of 
terms, according to § 353, is 

(3— the last term X the raf^o)-^(l— J). 
But the last term would be ({ 354) ; hence the sum of the 
infinite series is 3-r(l— ^)=3-r|=4|. 

On the principle just demonstxated we may also compute the 
value of a repeating decimal. 

For example, take the repctend .4, or .4444 &c. 
This decimal is equal to 

A+T^ir+nnro+Timnrj and so on, without end. 

We have chen .4 equal to the sum of an infinite geometrical 
series of which the first term is -^^ and the ratio -p^. 

Hence .4=:^*^~(l-rV)=i\-n^=t=|. 
This value, it will be observed, is the same that would be 
found by the method before given, (§ 328). 

EXERCISES. . 

1 . What is the last term in a geometrical progression of which 
the first term is 2 J, the ratio 3, and the number of terms 5 ? 

Ans. 202i. 

2. What is the sixth term in a geometrical progression of 
which the first term is 7} and the ratio \ ? Ans. ^^. 

3. What will be the first term of a geometrical progression, if 
the ratio be 2, the number of terms 9, and the last term 1280? 

Ans. 6. 
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4. What is the second or mean term in a geometrical pro- 
fession of which the first and third terms are 6i and 30i 
respectively? . Ans. 13|. 

5. What is the last term^ and the sum of all the terms, in a 
geometrical progression whose first term is. 23, ratio 5, and 
number of terms 4 ? Ans. 2875, and 3588. 

6. What is the sum of the first six terms in a geometrical 
progression whose first term is 100, and ratio f ? 

Ans. 273j^. 

7. What is the sum of an infinite number of terms in a.geor 
metrical progression whose first term is 1000, and ratio ^ ? 

^n5. 2000. 

8. What is the sum of the series 5, 1, J, and so on to an infi- 
nite number of terms? Ans. 6k- 

9. What is the sum of the infinite series 100, 50, 25, &c. ? 

Ans. 200. 

10. What is the difference between the arithmetical and the 
geometrical mean between the numbers 100 and 1000? 

Ans. 233.773'. 

11. If 9 acres of land be sold at $1 for the first acre, $2 for 
the 2d, $4 for the 3d, and so on, to the last, what would the last 
acre amount to ? ' Ans. $256. 

1 2. A has $400, B $900, and a sum which bears the same 
ratio to A's that B's does to C's r how many dollars then has C ? 

Ans. $600. 

13. If 11 yards of cloth were sold at 1 cent for the first yard, 
3 for the 2d, 9 for the 3d, and so on to the last, what would be 
the price of the last yard ? and what would the whole amount 
to? ^?25. $590.49; and $885.73. 

14. How far would a person travel in 6 days, allowing him 
to go 40 miles the first day, and to diminish his rate of .travel- 
ling in such a manner that each succeeding day's journey shall 
be I of the one immediately preceding. Ans. 13lYyj miles. 

15. Allowing a person to commence trading on a capital of 
$1000, and to increase it.by i of itself each year for 10 years, 
what would then be the amount of his capital ? 

Ans. $7450.580'. 

16. If 50 acres of land were to be sold at 1 cent for the first 
acre, 2 for the second, 4 for the third, and so on, what would 
the 50 acres amount to? Ans. $11258999068426.23. 
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. PROGRESSIONS APPLIED TO INTEREST. 

I. Simple Interest, 

{ 8M* A Principal at simple interest forms the first term of 
an Arithmetical Progression — in which the common difference is 
the Interest for one year — ^the number of terms one more than 
the number of years for which interest is computed — and the 
-la^t term the Amount of principal and interest. 

For example, the Interest of $100, at 6 per cent, being $6 for 
1 year, $12 for 2 years, $18 for three years, and so on, — 

We have the Principal, and the Amounts for one^ twoy three^ 
&c» years, in the terms of the Arithmetical Progression, 

$100, $106, $112, $118, &c. 

The common difference of these terms is $6, the Interest fbr 
one year. 

II. Compound Interest, 

§ 357* A Principal at compound interest forms the first term 

of a Geometrical Progression — in which the ratio is the Amount 

* of $1 for one year or period of interest — ^the number of terms 

one more than the nuniber of years or periods of interest — and 

the last term the Amount of principal and interest. 

The amount of $100, at 6 per cent, for the 1st year, would 
be $106, and this would form the principal for the 2d year, 
(§ 282). 

But 106 is equal to 100X1.06; and $1.06 is the Amount of 
$1 for one year; that is, the principal for the 1st year X 1.06 
produces the Amount for the 1st or the principal for the 2d year. 

In likemanner, $106X1.06 or $100X1.06X1.06 is the Amount 
for the-2d or the principal for the 3d year; $100x(1.06)3 is the 
Amount for the 3d or the principal for the 4th year, ko. 

We have then the Principal, and the Amounts for one, two^ 
three, &c. years, in the terms of the Geometrical Progression, 
$100, $100X1.06, $100X(1.06)^, $100X(1.06)3, &c. 

The ratio of this progression is 1.06, the Amount of $1 for 
one year, at the given rate per cent. 

The given Principal subtracted from the Amount for the la«t 
year, will leave the Compound Interest. 
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TcUndar Method of Calculating Compmnd Interest. 

\ 358* In finding the Amount from the Principal, or the 
principal from the amount, in Compound Interest, on the prin 
ciples of geometrical progression, — ^the ratio must be raised to 
that power which is expressed by the number of years, or peri 
ods. 

The Table on the next page contains these powers to the 
50th order, for various rates of interest ; and thus supersedes the 
necessity of involving the ratio in each particular calculation. 

These powers show the Amount of $1 for each corresponding 
rate and number of years. 

Thus the Amount of $1, at 5 per cent, for 1 year, is $1.05; 
for 2 years it is $1X(1.05)2=(1.05)»; for 8 years, $1X(1.05)^ 
35(1.05)^ ', and so on, in the ascending powers of the ratio 1.05, 
a 357J. 

Hence the following methods — 

§ 359* 1. To find the Amount at Compound Interest, — Mul^ 
tiply the Principal by tabular amount of $1 for the given rate 
and number of years or periods; and 

2. To find the Principal^ — Divide the given Amount by the 
tabular amount of $1 for the given rate and number of years or 
periods for wliich interest is computed. 

Thus to find what $100 would amount to in 20 years, at 6 
per cent, allowing the interest to be compounded annually, 

Opposite to 20 years, and under 6 per cent, in the Table, we 
find that the amount of $1 would be $3.20713\ 

Then $3.20713X100 = Jnswcr $320.71 3\ 

When the Nwmher of Years or Periods exceeds 50. 

i ZMm The Amount of $1 at Compound Interest for any 
number of years or periods, multiplied by the Amount for any 
other number, produces the Amount of $1 for the sum of those 
two numbers^ (§ 295.) 

Thus 18.42015, the Amount of $1 for 50 years, at 6 per eent, 
X 4.29187', the amount for 25 years, == 79.05688^ the Amount 
of $1, at 6 per cent, for 75 years. 
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/ 

i 361* Table df the Amount of $1.00 at Compound 

Interest. 



Yean. 


3 p. ct. 


3}p. ct. 


4 p. ct. 


41 p. ct. 


5 p. ct. 


6 p. ct. 


7 p. ct. 


1 


1.03000 


1.03500 


1.04000 


1.04500 


1.05000 


106000 


1.07000 


2 


1.06090 


1.07122 


1.08160 


1.09202 


1.10250 


1.12!)60 


1.14490 


3 


1 09272 


1.10871 


1.12486 


1.14116 


1.15702 


1 19101 


1.22504 


4 


1.1255U 


1.14752 


1.16985 


1.19251 


1.21550 


1.26247 


1.31079 


5 


1.15927 


1.18768 


1.21665 


1.24618 


1.27628 


1.3.3822 


140255 


6 


1.19405 


1.22925 


1.26531 


1.30226 


1.34009 


1.41851 


1.50073 


7 


1.22987 


1.27227 


1.31593 


1.30086 


1.40710 


1.50363 


1.60578 


8 


1.26677 


1.31680 


1.36856 


1.42210 


1.47745 


1.693vS4 


1.71818 





1.30477 


1.36289 


1.42331 


1.4860Q 


1.55132 


1.68947 


1.83845 


10 


1.34391 


1.41059 


1.48024 


1.65296 


1.62889 


1.79084 


1.96715 


11 


1.38423 


145997 


1.53945 


1.62285 


1.71033 


1.89829 


210485 


12 


1.42576 


1.51106 


1.60103 


1.69588 


1.79585 


2 01219 


2.25219 


13 


1.46853 


1.56395 


1.66507 


1.77219 


1.88564 


2.13292 


2.40984 


14 


1.51259 


1.61809 


1.73167 


1.85194 


1,97993 


2.2609» 


2.57853 


15 


1.55796 


1.675.34 


1.80094 


1.93528 


2.07892 


2.39655 


2.75903 


16 


1.60470 


1.73398 


1.87298 


2.022.J7 


2.18287 


2.54035 


2.95216- 


17 


1.65284 


1.79467 


1.94790 


2.11337 


2.29201 


2.69277 


3.15881 


18 


1.70243 


1.85748 


2.02581 


2.20847 


2.40661 


2.85433 


3.37993 


10 


1.75350 


1.92250 


2.10684 


2.30786 


2.52695 


3.02559 


3 61^2 


20 


1.80611 


1.98978 


219112 


2.41171 


2.65329 


3.20713 


3.86968 


21 


1.86029 


2.05943 


2.27876 


2.52024 


2.78596 


3 39956 


414056 


22 


1.91610 


2.13151 


2.36991 


2.63365 


2.92526 


3.60353 


4.43040 


23 


1.97358 


2.20611 


2.4&i71 


2,75216 


3.07152 


3 81975 


4.74052 


24 


2.03279 


2 28332 


2.56-330 


2.87601 


3.22510 


4.04893 


5.07236 


25 


2,09377 


2.36324 


2.66583 


3.00543 


3.38635 


4.29187 


5.42743 


26 


2.15659 


2.44595 


2.77247 


3.14067 


3.55567 


4.54938 


5.80735 


27 


2.22128 


2.53156 


2.88336 


3.28200 


3 73345 


4.82234 


6.21386 


28 


2.28792 


2.62017 


2.99870 


3.42970 


3.92012 


5.11168 


6.64883 


29 


2.35656 


2.71187 


3.11865 


3.58403 


4.11613 


5.41838 


7.11425 


30 


2.42726 


2.80679 


3.24339 


3.74531 


4.32194 


5.74349 


7.61225 


31 


2.50008 


2 90503 


3.37313 


3.91385 


4.6.3803 


6.08810 


8.14511 


32 


2.57503 


3.00670 


3.50805 


4.08998 


4.76494 


6.45338 


8.71526 


33 


2.65233 


3.11194 


3.64838 


4.27403 


5.00318 


6.84059 


9.32533 


34 


2.73190 


3.22086 


3.79431 


4.46636 


5 25*34 


7.25102 


9.97811 


35 


2.81386 


3.33359 


3.94608 


4 66734 


551601 


7.68608 


10,67657 


36 


2.89827 


3.45026 


4.10393 


4.87737 


5 79181 


814725 


11.42393 


37 


2.98522 


3.57102 


4.26909 


5.09686 


6.08140 


8.63608 


12.22361 


33 


3.07478 


3.69601 


4.43881 


5.32621 


6.38647 


9.15425 


13.07927 


3d 


3.16702 


3.82537 


4.61636 


5.56589 


6.70475 


970350 


13 99482 


40 


3.26203 


3.95926 


4.80102 


5.81636 


7.03998 


10.28571 


14 97446 


41 


3.35989 


4.09783 


4.99306 


6.07810 


7.39198 


1090286 


16.02267 


42 


3.46069 


4.24125 


5.19278 


6.35161 


7.76158 


11.55703 


17.14426 


43 


3.$6451 


4.38970 


5.40049 


6 63743 


8.14966 


12.25045 


18.34436 


44 


3.67145 


4.54334 


5.61651 


6.93612 


8.55715 


12.98548 


19.62846 


45 


3.78159 


4.70235 


5.84117 


7.24824 


8.98500 


13 76461 


21.00246 


46 


. 3.89504 


4.86694 


6.07482 


7 57442 


9.43425 


14.59048 


2^ 47263 


47 


4.01189 


503728 


6.31781 


7.91526 


9.90597 


15 46591 


24.04571 


43 


4.13225 


5.21358 


6.57052 


8.27145 


10 40126 


16.39387 


25.72391 


49 


4.25621 


5.33606 


683334 


8.64367 


10.92133 


17.37750 


27 52994 


50 


4.38390 


5.58492 


7.10668 


9 03263 1 


11.46740 


18.42015 


29.45703 



2^ PROaRESBIONa APPLIED TO INTEREST. 

EXERCISES. 

To be performed on the principles of Arithmetical and 

Geometrical Progression. 

1. What would $100 amount to in 100 years, allowing inter- 
est at 6 per cent? Ans. $700. 

2. What would $500 amount to in 5 years, allowing com- 
pound interest at 6 per cent ? -4715. $669.11'. 

3. What principal would amount to $2500- in 20 years at 7 
per cent, compound interest? -^ Ans. $646.04'. 

4. What principal would amount to $3000 in 4 years at 7 per 
cent compound interest ? Ans, $2288.696^ 

5. What would be the compound interest on $450 for 3 years 
at 6 per cent? Ans. $85.95^ 

6. What principal would amount to $10000 in 5 years at 6- 
per cent compound interest? Ans, $7472.612. 

7. Which would be the most advantageous to the lender, the 
simple interest of $500 for 5 years at 6 per cent, or the compound 
interest at 5 per cent? Ans. The simple interest by $11.86'. 

8. A debt of $1000 will be due in 5 years, without interest. 
What is the present worth of the debt, allowing the comp. 
interest to be 6 per cent? {§ 275.) Ans. $747.26'. 

9. What is the present worth of $1200, due in 4 years without 
interest, on the supposition that money can be loaned at 6 per 
cent compound interest ? Ans. $950,517'. 

10. A owes B $3250 to be paid in 5 years, without interest. 
What sum in hand would be an equivalent for the debt, if the 
present worth could be put at interest at 7 per cent, and the 
interest compounded annually ? Ans. $2317.20'. 

11. What would $375.5 amount to in 15 years at 7 per cent, 
compound interest? Ans. $1036.015'. 

12. What principal must be put at compound interest, at 5 
per cent, to amount to $20000 in 25 years? Ans. $5906.06'. 

13. Ijf $500 were put at interest at G per cent, and the interest 
collected annually, and put out at the same rate, and so with 
all the interest annually due, what would be the amount in 20 
years? Ans. $1603.56'. 

14. A is indebted to B $4750, to be paid in two equal install- 
ments in 3 and 6 years, without interest. What is the present 
worth of the debt, on the supposition that money will produce 
6 per ceni at compound interest ? Ans. $366.8.397'. 



ANNUITIES. 288 



ANNUITIES. 

J 362. An Annuity is properly a sura of money payable 
annually ; but the term annuity is also applied to a sum which 
is to be paid semi-anjiually, quarterly, or at any regular intervals. 

Pensions, salaries, rents, &c., are of the nature of annuities. 

An annuity certain is one which is to continue for a given 
number of years ] as the annual rent of a house for five years. 

A contingent annuity is one whose continuance depends on 
some uncertainty. When limited by the duration of a given 
life or lives, it is called a life annuity. 

A perpetual annuity^ or perpetuity^ is an annuity which is to 
continue forever. Of this kind Inay be the interest which a 
Government pays on borrowed money. 

An annuity in reversion is one of which the periods of pay- 
ment are to be reckoned from a specified future time, or the 
occurrence of a specified future event: 

i 363* An amiuity forborne, or in arrears^ is one on which 
the periodical payments have not been made as they became 
due ; and the amount of the annuity is the sum of the payments 
due J with the interest on each for the time it has remained 
unpaid. 

Amount of Annuities — ?iow found. 

§ 364* The Amount of an annuity in arrears , at simple 
interest, is equal to the sum of the terms of an arithmetical pro- 
gression whose ^r5^ term is the annuity — common difference, the 
interest of. the annuity for one year^ or period of payment — and 
number of terms the number .of years or periods for which the 
annuity is due. 

For example, suppose an annuity of $100 a year to be due for 
4 years, and the Amount to be required at 6 per cent., simple 
iin crest. 

For the last of the 4 years, that is, for the 4th year, the 
annuity $100 is due, without interest. 

The 1st term is then the annuity $100. 
For the 3d year the annuity is due, with interest for 1 year. 

The 2d t«rm is therefore Sl00-f6=$ 106. 
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For the 2d year the annuity is due, with inierest for 2 yedm. 

The 3d term is therefore $1004-12=5112. 
For the 1st year the annuity is due, with interest for 3 years. 

The 4th term is therefore $100-f 18=$118. 
Th« sum of all these terms, that is, of the progression, 

$100; $106, $112, $118, is the Amt. of the annuity. 

• i 365« The Amount of an annuity in arrears j at compound 
interest, is equal to the sum of the terms of a geometrical pro- 
gression whose first term is the annuity — ratioj the amount of 
$1 for one year, or period of payment — and number of terms, 
the number of years or periods for which the annuity is due. . 

For example, suppose that an annuity of $100 a year hias 
remained unpaid for 4 years, and that the amount is to be com- 
puted at 6 per cent, compound interest. 

For the last of the 4 years, that is, for the 4th year, the 
annuity $100 is due, without interest. 

The 1st term is therefore the annuity $100. 
For the 3d year the annuity is due, with interest for 1 year. 

The 2d term is then $100+6=$ 100 XI. 06. 
For the 2d year the annuity is due, with corap. int. for 2 years. 

The 3d term is therefore $100X(1.06)3. 
In like manner the 4th term will be $100 X(l .06)'. 
And the ^sum of all terms, 

$100, $100X1.06, $600X(1.06)3, $100X(1.06)«, 
is the Amount of the annuity. 

The series of terms thus found form a geometrical progression 
whose first term is the annuity, — the ratio $1 .06 is the amount 
of $1 for 1 year, and the number of terms 4 is the number of 
years the annuity has remained unpaid. 

EXERCISES. 

1. A laborer's wages were $125 a year, and remained unpaid 
for 5 years. What amount was then due him, allowing -interest 
to be computed at 7 per cent? (§ 364.) Ans. $712.5. 

2. The rent of a house, which is $250 a year, has been for- 
borne for 10 years. What amount should now be paid, if 
interest be charged at the rate of 10 per cent? Ans. $3625. 

3. An annuity of $300 per annum lias been forborne for 25 
years. What is the present amount of the annuity, allowing 6 
per cent, compound interest ? 

Find the last term of the progrcs^sion, (} 365), and thence the 
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ffam of the temii. The power of the ratio 1.06 which enters 
into the last t^m, will be found in the Table (4 361). 

Ans. $16459.32'. 

4. What is the amount due on a pension of $500 a^year, 
which has remained unpaid for 13 years, allowing interest to 
be compounded at the rate of 5 per cent? Ans. $8856.42'. 

5. What difference is there between the amount at simple, and 
at compound interest, at 6 per cent, of an annuity of $375 per 
annum, on which the payments have been forborne for 20 years ? 

Ans. The amt. at comp. int. is the greater by $2019.53'. 

6. A person at the age of 22 put $100 at interest, at 6 per 
cent, and $100 each year afterwards, until he was 40 years old. 
He also collected the interest annually, and converted the same 
into principal: what amount was, by these means, accumu- 
lated? Ans. $3090.56'. 

Present Worth of Annuities. 

^ 366* The Present Worth of an annuity certain is equal to 
that principal which, at interest till the termination of the 
annuity, would increase to the amount of the annuity in arrears 
to the same time. • 

For example, suppose we wish to jfind the Present Worth of an 
annuity of $100 a year for 3 years. 

The first payment on the annuity will be due in 1 year, with- 
out interest. The present worth of this is that principal which 
would amount to $100 in 1 year. This principal^ therefore, 
and t\i<& first payment on the annuity would, atcmp. int. increase 
to the same amount, by the termination of the 3 years. 

In like manner the present worth of the second payment, and 
that payment itself, would increase to the same amount, by the 
termination of the 3 years ; and so on. 

The sum of the present values of all the payments on the 
annuity, is the present value of the annuity ; and therefore the 
present worth of the annuity is equal to the present worth of 
the amxnirU of the annuity in arrears to its termination. 

If the present worth be computed on the principles of com- 
pound interest, we shall have for the amount of the annuity for 
3 years, — allowing the rate of interest to be 6 per cent, — 

$318.36, (§ 365). 
The present worth of the annuity is the principal which would 
amount to this sum in 3 years ; that is, 

$318.36-rl.l9101=$266.121, ($ 359-2). 
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i 36T* The Present Worth of a perpetuity, or perpetual 
annuity J is that sum of money whose interest is equal to the 
annuity. 

Thus the present worth of an annuity of $100 a year, forever, 
allowing interest at 5 per cent, is 

$100-^.05=$2000, (^250). 

§ 36§* The Present Worth of an annuity in reversion, is the 
present worth of what would be the value of the annuity at the 
time frpm which its periods of payment are to be reckoned. 

For example, — ^to find the present worth of an annuity of $ 1 00 
a year, for 3 years, — to commence at the expiration of 4 years 
from the present time. 

If the computation be ma:».e at 6 per cent, compound interest, 
the value of the annuity 4 years hence, as already found, (^ 366,) 
will be 

$266,121. 
The present worth of the annuity is therefore the principal 
which would amount to this sum in 4 years ; that is, 
1$266.l2l-f 1.26247==$210.792,' (i 359-2). 

In like manner we compute the present w^rth of a perpetuity 
in reversion. 

Thus, to find the'present worth of a perpetuity of $100 a year, 
—to commence at tlie expiration of 5 years from the present 
time. 

At 5 per cent, compound interest, the value of the perpetuity 
5 years hence, as already seen, (§ 367,) will be • 

$2000. 

The present worth of the perpetuity is then the principal 
which would amount to this sum in 5 years ; that is, 
$2000-=-1.27628=$1567.051', (^359-2). 

EXERCISES. 

7. What would be the present worth of an annuity of $200 
a year, for 42 years, to be computed at 6 per cent, simple inter- 
est? Ans. $1855.813'. 

8. The annual rent of an estate is $500. What would be 
the present worth of the rents for 7 years, to be computed at 6 
per cent, compound interest ? Ans. $2791.1 7\ 

9. What is the present value of a perpetual annuity of $500 
per annum, allowing the rate of interest to be 5 per cent ? 

Aris. $10000. 
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10. An annuity of $1000 a year is to continue for 15 years, 
but is not to commence till the expiration of 1 years from the 
present time. What sum in hand would be an equivalent for 
the annuity, on the principles of compound interest at 6 per 
cent? ^ ^715. $5423.294'. 

11. A perpetuity of $300 per annum is in reversion for 20 
years. What is its present value, computed at 5 per cent, com- 
pound interest ? Ans. $2261.34'. 

12. A gentleman bequeathed to his son, for 10 years, an estate 
worth $500 a year, to his daughter the reversion of the same 
estate for the next 20 years, and to his widow the reversion of 
the estate forever afterwards. What was the value in ready 
money of each bequest, allowing compound interest at 6 per 
cent? Ans. $3680.015j $3202.37: $1450.918'. 



PERMUTATIONS AND COMBINATIONS. 

i 369. Permutations are the different orders of succession 
in which a given number of things may be taken — either the 
whole number together, or the whole number taken two and two, 
or three and threej &c. 

Thus the different permutations of the letters a, b, and c, 
when all are taken together ^ are 

abc. acb^ bacj cab, bca^ cba, 

And the different permutations of the same letters when taken 
two and twOj are ab, ba, ac, ca, be, cb. 

§ 370. Combinations are the different collections which may 
be formed out of a given number of things, by taking less than 
the whole, but the same number in each collection — ^without 
regard to the order of succession. 

Thus the different combinations which may be formed out of 
the three letters a, b, and c, by taking two at a time, are 

ab, be, ac. 

Observe that ab and ba woald not be different combinations, 
but different permutations, of the letters a and b. 

In Permutations we have regard to the order of succession, 
and may therefore have two permutations of two things. In 
Combinations we do not consider the order of succession, so that 
the combination of two or more things is the same, in whatever 
order they are taken. ** 
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Number cf Permutations. 

{371* The number of Permutations which may be formed 
of a given number of things, all different from each other , is 
equal to the given number X the given number minus 1, X the 
given number minus 2, X the given number minus 3, and so on, 
until the number of factors multiplied together is equal to the 
number of things taken in each permutation. 

For example, suppose we have four letters, a, 6, c, d, to be 
subjected to permutations. 

If we write one of the letters, as a, before each of the other 
three letters, we shall find 3 permutations of the 4 letters taken 
two and tioo, in which a stands first. , 

In like maimer we should find 3 permutations of the 4 letters 
taken two and two, in which b stands first : and so oUr for each 
of the 4 letters. Hence we have 

4X3 permutations of 4 letters taken two and two. 

Suppose now that the 4 letters are to be taken three and three 
m forming the permutations. By taking 6, c, and d.^ and pro« 
ceeding after the same manner as before, we should find 

3X2 permutations of these 3 letters taken two and two; 
and by writing a before each, of these permutations, we have 

3X2 permutations of the 4 letters taken three and three^ in 
which a stands first. 

In like manner we should find 3X2 permutations of the 4 
letters taken three and three, in which b stands first ; and so on 
for each of the four letters. Hence we have 

4X3X2 permutations of 4 letters taken three and three* 

The results thus obtained are in accordance with the princi- 
ple which has been stated, and similar demonstration may be 
employed in all like cases. 

Nvmiber of Combinati&m, 

S 372. The number of Combinations which can be formed 
out of a given number of things, is equal to the number of per- 
mutations that could be formed in the like case, divided by 
1 X2X3 and so on, until the niimber of factors composing the 
divisor is equal to the number of things in each combination 
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For example, suppose we wish to find the number of covriH" 
nations that can be fcHrmed out of 4 letters^ by taking 3 letters in 
each combination. 

The number of permutations that could be formed of 4 letters 
taken three and three, is 

4X3X2=24, (§371). 

On the same principle there are 3X2X1 permutations for each 
combination of 3 letters taken all together. Hence the numbei 
of combinations that can be formed in this case, is 

24, the number of permutations,H-l X2X3,=24-r6=4. 

EXERCISES 

In Permutations and Combinations, 

1 . How long would it require for 5 persons to seat themsolTOH 
in a different order each day at dinner ? 

Here the whole number is to be taken in each permutation : 
hence we have 5X4X3X2X1, (§ 371). 

Ans, 120 days. 

2. In how many difierent ways may a class containing 10 
pupils be arranged ? Ans. 3628800. 

3. How many different numbers may be expressed by the 10 
digits, allowing five figures to each number? Ans. 30240. 

4. In how many different ways may the names of the 12 
months be placed one after another? Ans. 479001600. 

5. How many different arrangements of 5 men could be 
formed out of a company consisting of 15 men? 

Ans. 360360. 

6. How many different collections of 3 persons in each could 
be formed out of a company of 13 persons ? 

13X12Xll-f-lX2X3, (§372). 

Ans, 286. 

7. How many different combinations of 4 letters may be made 
from the first 12 letters of the alphabet ? Ans, 495. 

8. How many different compositions of 2 kinds of metal could 
b6 formed of 5 different metals ? Ans. 10. 

8. In how many different ways might a eompany of 20 men 
bd Arranged in a procession? Ans. 2432902008176640000. 

10. A farmer wishes to select a team of 6 horses out of s 
drove eontaihing 17 horses. How many difEerent ahoioos for ^e 
team will he be able to make ? Ans. 12376. 
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Pemmtations of Things among which there are Several 

of the Same Kificl. 

^ 373. When of a given: number of things there are two or 
more of the same kindj the number of Permutations that may 
be formed of all together,yri\l be found by 

Dividing the number of permutations that covild be formed if 
the things were all different^ (§ 371), by the number that could 
be formed of 05 many of them as are alike. 

When there are two or more sets of like things^ the divisor to 
be used will be the product of the numbers of permutations that 
could be formed of each setj supposing the things to be different. 

For example, to find the number of Permutations that may 
be formed of the letters aaabCj taken all together. 

If the letters were all different, the number of permutations 
that could be formed would be 

6X4X3X2X1=120. 

The three letters corresponding to the three a^s, would admit 
of 3X2X1=6 permutations, and each of these six would com- 
bine with the different positions of b and d, — ^whereas aaa admits 
of but one order of succession to be combined with b and c. 

Hence the number of permutations "^srill be 

5X4X3X2X1 120 _ 
3X2X1 "~ 6 ~^^* 

To find the number of Permutations that may be formed of 
the letters aababcdj taken all together. 

If the letters were all different, the number of permutations 
that might be formed, would be 7X6X5X4X3X2X1=5040. 

The number of permutations of the three letters corresponding 
to the three a'*, would be 3X2X1, and of those corresponding 
to the two b^s would be 2X1. Hence the number of Permuta- 
tions required is 5040H-(3 X2 X 1 X2 X l)=420, 

1 1 . In how many different orders of succession may tlie letters 
aabcd be placed ? Ans, 60. 

12. How many variations may occur in the succeasion of thft 
figures in the number 32233 ? Ans. 10. 

13. In how many different orders of succession may the letters 
itt the word Virginia be arranged? Ans, 6720. 

14t, How many variations may occur in the succession of the 
letters in the word Constitution ?. Arhs. 9979200. 



COMBINATIONS. 291 

Combinations formed out of two or more Sets of 

Different Things. 

} 374. The number of Combinations that may be formed by 
taking one from each of two or more sets of different things,^ will 
be found by multiplying together the numbers of things in the 
different sets respectively. 

. For example, to find how many different collections of 3 men 
could be chosen out of 3 companies containing 4, 5, and 6 men, 
respectively, by taking one from each. 

Each of the 4 men in the first company could be combined, 
separately, with every one of the 5 men in the second company. 
This would give 4X5=20 difierent combinations of 2 men in 
the first two companies. 

Again; each of these 20 combinations of 2 men, could be 
combined, separately, with every one of the 6 men in the third 
company; we thus find 

4X5X6=120 combinations of 3 men, 
by taking one man from each of the three companies in each 
combination. 

15. How many difierent combinations of 4 persons may be 
formed, by taking one out Of each of 4 companies containing 5, 
7, 8, and 9 men, respectively ? Ans. 2520. 

16. How many variations might occur in forming a class of 5 
pupils, by taking one from each of 5 other classes consisting of 
6, 9, 13, 10, and 12 pupils, respectively? Ans. 84240. 

17. How many difierent choices of 6 horses together could be 
made out of 6 droves containing 5, 8, 10, 13, 15, and 20 horses^ 
respectively, if one be selected from each drove ? 

Ans. 1560000 

18. Five companies are composed of 20 soldiers in each. How 
many difierent parties of 5 men could be selected out of them, by 
taking one man from each company ? Ans. 3200000. 

19. How many different combinations of 6 letters might be 
obtained by taking one from each of the sets, ahc.:.defg....hijkl... 
mno...pqrst...uvwxyz? Ans. 5400. 

20. A die is a small cube, having its six faces marked with 
the numbers from 1 to 6, respectively. How^many changes oi 
different combinations of these numbers might be presented on 
their superior faces, in throwing 5 dice? Ans. 7776. 



REMARKS. 

The General ExtsoisES which follow, will be found suitable for an 
ezamiiuition od the whole subject of Arithmetic, as it has been treated 
in the present work. 

These Exercises are airanged ia prpgressiye order, and divided into 
sections embracing kindred topics ; so the whole science, as it has been 
exhibited^ may be reviewed in continuation, or any desirable portion of 
it may be readily selected for the like purpose. 

The student should be required not merely to perform the operations 
requisite for finding the Answers; but to give definitions^ state prind- 
pleSf assign rsdsonSt — ^in fine, to disduss the whole matter of the Ezer- 
ciAes prescribed to him. 
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IN 



ARITHMETIC. 



I. 

FUNDAMENTAL OPERATIONS.-— GOMItfOK MEASURE.*'— COMMON ' 
MULTIPLE. — ^VULGAR AND DECIMAL FRACTIONS.— 

FEDERAL MONET. 

1. What is the Sum of 3 millions 94 thousand and sixty, 105 
thousand and ten, 45 millions 2 hundred and five, and 19 thou- 
sand and thirteen ? jlnj. 48218288. 

2. What is the Sum of 4 billions 24 millions 3Q tbousand, 
350 millions and forty, 135 thousand four hundred, and 500 
millions 35 thousand ? Ans, 4874200440. 

3. What is the Sum of 460, 18 thousand and four, 13 millions 
five hundred and nine, and 75 billions 7 millions 304 thousand 
2 hundred and one ? Ans. 75020323174. 

4. What is the Difference between 9 trillions 31 millions 360 
thousand 5 hundred and three, and 10 billions 5 millions 273 
thousand 804? ^n$. 8990026086699. 

5. What is the Difference between 300 billions 204 millions 
34 thousand 3 hundred, and 2 trillions 375 millions 183 thou- 
sand 7 hundred and 16? Ans. 1640171149416. 

6. W*hat is the Difference between 190 trillions 3 billions 236 
millions 2 thousand and seventy-five, and 16 billions 104 thou- 
sand 5 hundred and one ? ^ns. 180987235897574. 

7. What is the Product of 350 thousand and nineteen, multi- 
plied by the sum of 5 thoi;8and 4 hundred, and 100 thousand 8 
hundred and ten? ^tm. 36965506590. 
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8. What is the Product of 70 thousand 5 hundred, multiplied 
by the sum of 30 thousand 1 hundred, and 4 thousand five hun- 
dred and tuxty-three ? Ans. 2443741500. 

9. What is the Product of 4 millions 3 thousand 7 hundred, 
multiplied by the sum of 3 hundred, and 21 thousand nine hun- 
dred and serenty-seyen ? ^715.89190424900. 

10. What is the Quotient of 95 trillions 200 millions, divided 
by the difference between 275 millions 100 thousand, and 75 
millions 100 thousand? ^715.475001. 

11. What is the Quotient of 495 millions 66 thousand 570, 
divided by the difference 150 thousand 100, and 55 thousand four 
hundred and 41 ? Ans. 5230. 

12. What is the Quotient of 10 trillions 300 millions, divided 
by the difference between 120 millions 240 thousand, and 20 
millions 240 thousand ? ^n5. 100003. 



13. A «old 125 cards of wood at $3 per cord, and laid out 
the proceeds for flour at $6 per barrel : how many barrels of 
flour did he purchase ? 

The pupil should be required to give oral, elementary solu- 
tions of these Exercises. In this one, he would state the opera- 
tions to be performed by saying, Multiply 125 by 3, and divide 
the product by 6 ; but, for an elementary solution, he should say, 

The wood amounted to 125 times $3, and the numher of bar- 
rels bought is the numbelr of times that $6 is contained in that 
amount, 

Ans, 62i barrels. 

14, How many tons of coal, at S8 per ton, could be bought 
with the proceeds of 340 barrels of corn, at $2 per barrel ? 

Ans, 85 tons. 

15. A merchant invested the proceeds of 524 cwt, <^ hemp, 
at $5 per cwt.^ in sugar at $7 per 100/6.; how many pounds of 
sugar did he purchase ? Ans. 37428f lbs, 

16, What is the entire quantity of h«y that could be bought 
for $3, at 5 dollars per ton; for $4, at 7. dollars per ton,* and 
for $Sy at 09 per tOB ? Ans, l§f| tons. 

. 17. A bought of B ^head of cattle, fer $1750, and sold the 
«ame to C at $37 a head. What did he gain or lose by ik» 
BpeeaMiMLl : Ans, Gaiiii^d $100. 
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18. What would be the entire amount of land that could be 
obtained for 13 dollars, at $20 per acre; for 17 dollars, at 820 
per acre; and for 17 dollars, at $40 per acre? 

Ans, 1|^ acres. 

19. If 34 cwt, of iron be hauled 43 miles for a certain sum of 
money, how far ought 53 cwt, to be hauled for the same sum ? 

Ans. 27|^ miles. 

20. Allowing 149 men to accomplish a certain amount of 
work, in 41 days, in how many days ought 200 men to perform 
3 times as much work? Ans. 91|fJ days. 

21. A and B together have $3768i, and A has $923| more 
than B: what sum has each? Ans. A $2346 ; B $H22i. 

22. A farmer wishes to purchase land at $20, $35, and $40 
per acre, and the same quantity at each rate : how many acres 
at each rate can he buy for $15850 ? Ans. 166^ acres. 

23. C and D together have 1780 head of cattle, and D has 
524 less than C : how many has each ? 

Ans. C 1152; D 628. 

24. A person performed a journey of 1520 miles by trav^ngr 
half the time at the rate of 35 miles per day, and the other half 
at the rate of 45 miles per day. How many days was he in 
completing the journey ? Ans. 38 days. 

25. An agriculturist has 2145 bushels of wheat, with which 
he wishes to fill a number of sacks of equal capacity. What 
are the several smallest capacities, either of which would answer 
his purpose? Ans. 1 bu.; 3 bu.; Sbu.; 11 bu.; or 13 6w. 

' 26. A and B purchased horses at the same price per head. 
A's horses amounted to $623, and B's to $1068 : what was the 
number purchased by each? Ans. A 7, and B 12. 

27. What are the three smallest numbers^ greater than a unit^ 
each of which will divide 10465, without a remainder? 

. Ans. 5, 7, and 13. 

. 28. How many acres of land would admit of being divided 
into a number of farms containing 150 acres, or 200, or 250 
acres, each? Ans. 3000 acres, 6000 acres, &c. 

29. Three hundred and eighty-five Englishmen, 455 Freneh- 
men, and 700 Grermans are to be ferried in a small boat over a 
river. Into what equal companies may they be divided, so that 
only those of the same nation shall cross together ? 

Ans, Into companies of 5, 7, or 35. 
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30. A, B, C, and D start from different points, and travel 
around an island which is 600 miles in circumference. A goes 
20 miles per day, B 30, C 25, and D 40 : in how many days 
would they all arrive, at once, at the same points from which 
they started ? Ans. 1 20 days. 



31. What should be paid for | of a yard of cloth, at the rate 
of $6i per yard ? 

J of a yard will cost i of the price of one yard; that is, $6^ 
multiplied hy i,{i 116). Ans. $5{^, 

32. A farmer sold i of a tract of land containing 375 acres, 
at $33i per acre. What did the land sell for? Ans. $9375. 

33. A merchant bought 3 pieces of cotton, each containing 
31 1 yd. J at $i per yard. What did the cotton amount to? 

$Jn5.^11|f. 

34. A person bought f of a piece of ground for $73«l, and sold 
} of his purchase for what it cost him. What part of the whole 
piece did he sell? and for what sum? Ans. -^^i and $49. 

35. What is the price of a ton of hay when 7 of a ton cost 74 
doinirs ? and what should be paid for 13 tons at the same rate ? 

The price of a ton X § produces $7i ; the price of a ton is 
therefore equal to $7i-rJ> (H22). 

Ans. $9f ; and $121}. 

36. Allowing a person to walk 3i miles in ^ of an hour, at 
what rate does he walk per hour ? and what distance would he 
go in 94I hours? Ans. 3^ miles; and 3 7 3^^ m. 

37. A merchant laid out $62i for calico, at $i per yard, and 
sold the same at a profit of $ J per yard. What was the entire 
profit made? . Ans. $31 J. 

38. An upholsterer bought a quantity of carpeting for $150, 
at $1:1 per yard, and sold | of it at a profit of i of a dollar per 
yard. What amount of profit did he make on the quantity sold ? 

Ans. $30. 

39. If a railroad car runs 35 miles in Si hours, and 41 miles 
in 4 hours, and 62i miles in 5 hours, what is its average rate 
per hour? Ans, II/t^ miles. 

40. If 3 men can mow 2i acres of grass in one day, in what 
time ought 17 nien to mow 25i acres? Ans. 2^j days. 

41. A bought of B 783i bushels of wheat far $587f, and 
sold 500 bushels of it to G for $562i. How .much did he gam 
or lose per bushel on what he sold ? Ans. Gained $}. 
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42. Bought 175 cords of wood for $437|, and sold 93 cords 
of it at a profit of $^ per cord. At .what rate must the remainder 
be sold to make $97| on the whole ? Ans. $3h per cord. 

43. A person who has a journey of 570 miles to perform, 
proceeds for 9 days at the rate of 33 J miles per day. How 
much must his daily rate be increased or diminished, to com- 
plete the journey in 9 more days ? Ans. Diminished 3i m. 

44. A bought of B 34 yards, and of C 46 yards, of cloth, at 
$5^ per yard. Having sold i of these purchases to D, at a profit 
of $li per yard, at what rate must the remainder be sold, that 
his profit may be $150 on the whole ? Ans. $7^ per yard. 



45. What is the Sum of 230 and 3 tenths^ 29 and 13 hun 
dredths, 173 and 5 hundredths^ 75 thousandths, and 1350 and 
3 ten-thousandths ? Ans. 1782.5553. 

46. What is the Sum of 625 thousandths^ 162 and 5 hun 
dredthsj 346 and 9 tenths, 375 thousandths, and 8374 and 15 
ten-thousandths? Ans. 8883.9515. 

47. What is the Sum of 18i hundredths, 470 and 7 tenths, 
95| thousandths, 436 and 3i tenths, and 4730 and 73 hundred- 
thousandths? (§144.) Ans. 5637.30873. 

48. What is the Product of 375 and 125 thousandths, multi- 
plied by the difference between 75 hundredths and 31 thou- 
sandths? Ans. 269.714875. 

49. What is the Product of 43 and 74 ten-thousandths*, multi- 
plied by the difference between 5 hundred- thousandths and 31 
hundredths? Ans. 1.503108630. 

50. What is the Product of 25 millionths multiplied by the 
sum of 300 and 5 tenths, 17 thousandths, and 10 and 6i tenths? 

• Ans. .00777855. 

51. What is the Quotient of 384 and 19 hundredths, divided 
by the sum of 9 thousandths, 6 hundredths, 2 tenths, and 3 
and 5 tenths? Ans. 101.934'. 

52. What is the Quotient of 7340 and 16 hundred-thousandths, 
divided by the difference between 6357 and 8 tenths, and 736 
and 3 i hundredths ? Ans. 1.305\ 

53. What is the Quotient of 803 and 154 hundred thousandths, 
divided by the difference between 25 hundred-thousandths, and 
24564 and 625 ten-thousandths ? Ans. .0326\ 
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54. Find the sum that should be paid for 3^ cords of wood 
at $2.1 8i per cord, 10 bushels of apples at 87| cents a bushel, 
and 125 pounds of beef at 6d cents a pound. 

In these Exerciser, reduce Vulgar Fractions to Decimals. 

Ans. $24.21875. 

55. A gives B 1 17| yards of silk at 93 i cents per yard, for 
20 yards of cloth at $4,371 per yard, and enough of calico at 
12^ cents per yard to pay the balance. How much calico must 
A receive? Ans. 181.25 i/rf. 

56. How much rice at 4|^ cents a pound, would be an equiva- 
lent for 10© pounds of coffee at 12^ cents a pound, 300 pounds 
of sugar at 7 cents a pound, and 25i pounds of tea at $1 a 
pound? ^715. 1305.555' /6. 

57. A miller sold 75 barrels of flour at $4,871 a barrel, and 
with the proceeds intends to purchase, in equal quantities, wheat 
at 75 cents a bushel, rye at 31 1 cents a bushel, and corn at 37-| 
cents a bushel. What quantity of each can he purchase ? 

Ans. 254.347' bushels. 

68. A gives B 37 cwt. of hemp at $4.33 J per cwt.^ for 1000 
pounds of bacon at 6i per pound, $20 in cash, and as much 
sugcS at 7i cents per pound as will pay the balance. What 
quantity of sugar must A receive ? Ans . 1 7 3 . 39 3' i6 . 

59. A merchant bought 100 yards of cloth at $3.93} per yard, 
and 82^ yards at $4.12^ per yard. At what average price per 
yard should he sell the whole, to realize a profit which shall 
be equal to 4 of the cost? %Ans. 5.027'. 

60. A speculator bought 210 barrels of flour at $4 a barrel, 
965^ bushels of oats at 33 1 cents a bushel, and 50 barrels of 
pork at $5.06i a barrel. He sold the flour and pork at an ad- 
vance of $2.5 a barrel, and the oats at a loss of 3 cents a bushel : 
what was the result of the speculation ? 

Ans. He gained $621.03'. 



H. 

OPERAtlONS ON MONOMIALS AND POLYNOMIALS. — CDRRENCIKS. 

DUODECIMALS. — ^ALIQUOT PARTS. 

61. A jeweler sold 3 lb. 9ioz. 15 dwt, 18 gr. of silver plate, at 
$2.25 per oz. What did the whole amount to ? 

The pupil should be required to explain the different methods 
of solving questions of this kind. (§178, § 209.) 

Ans. $103.02'. 
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62. A farmer sold 3 T. 16 cwt. 3 qr, 21 lb. of hemp, at $5 
per c«^i., and invested the proceed? in land at $37| per acre. 
How much land did he purchase ? Ans. 10 A. 1 R. 1.28' P. 

63. A grocer exchanged 29 gal. 3 qt. I pt. of brandy, at 43 1 
cents per gallon, for rye at 31i cents per bushel. What quan- 
tity of rye did he thus obtain ? Ans. 41 bu. 3 pk. 2 qt. .8 pt. 

64. A brewer bartered ale at 37| cents per gallon, for 25 bu. 
2 pk. 1 qt. of barley at 40 cents per bushel. What quantity of 
ale was thus disposed of? Ans. 27 gal. 1.864^ pt. 

65. A laborer dug 130 rd. 4 yd. 2^ ft. of ditching, at S2.5 per 
rod, for which he took $100 in ca»$h, and wheat at 87^ cents a 
bushel. How much wheat did he get? 

Ans. 259bu.2pk. •iqt:i.6e^ pt. 

66. Find the sum that should be paid for 3 T. 2| cirt. and 
3iqr. of hemp, at $4^ per cwt. Ans. $284.904\ 

67. A townsman who had a lot of ground containing 5i A., 
sold td each of two persons 3i R., at the rate of $100 per acre. 
What is the remainder of it worth at the same rate ? 

Ans. $350. 

It 

68. A merchant sold some remnants of cloth, containing 
3^ yd.j 2| yd.j 3| qr.j and 1| qr., at the rate of $3 per yard. 
What did the whole amount to? Ans. 20.436'. 

69. A person who had a journey of 735 miles 5 fur. to per- 
form, went 13 days at the rate of 40 m. 3 fur. 20 p. ^ and 2 days 
at the rate of 39 j miles per day. What distance then remained 
to be traveled? Ans^ 130 m. 7 fur. 20 p 

70. A bought a tract of land containing 570 A. 3 R. : of which 
he sold to one person 90 A. 1 R. 20 P., and three times that 
quantity to another, at $27 1 per acre. What is | of the remain- 
der of the tract worth, at the same rate ? Ans. $3813. 

71. At the rate of 1 bu. 3 pk. per acre, how much ground 
could be sowed with 35 bu, 2 pk. 5 qt. of wheat ? 

Ans. 20 A. 1 R. 20 P. 

72. If 45 yd. 2 qr. of carpeting be required to cover the floor 
of a room, what part of the floor may be covered with 13 yd. 
3 J ^r. of the same ? Arts. .304*. 

73. A bought of B 42 T. 13 cwt. 2 qr. of iron, of which he sold 
18 T. 14 cwt. to C, and the remainder to D. What part of the 
whole quantity did he sell to each ? 

Ans. .438' toC; .561' to D. 
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74. What shoald be paid for plastering one side of a wall 
whioh is 30 ft, 10 in, long, and Sft, 9 in. high, at 18f cents per 
square yard? Ans. $5.620\ 

75. How many square yards of paper would be required to 
cover the walls of a room which is 10/^ 6 in. high, and 56 ft, 
in compass, — deducting -^ for doors, windows, &c. ? 

Ans, 59 *. yd. 8 s.ft, 

76. The invoice of a lot of broadcloth imported from Liver- 
pool, amounted to 125£ 165. lOd. sterling. Required the amount 
in Federal Money, according to the legal value of the pound 
sterling in the United States. Ans. $609,070'. 

77. What would be the cost of excavating a cellar 36 ft. long, 
25ft. 8 1». wide, and Sft, 10 in, deep, at $1.06i per cubic yard? 

Ans. $321.189^ 

78. A Southern merchant purchased in New- York. 95 yd, 
3 qr. of calico at Is. 6d. per yard, 39J yd of cloth at 20s^. per 
yard, and 45 yd. 2j qr. of silk at 8^. 6a. per yard. What .was 
the amount of his bill in Federal Money ? Ans. $165,179'. 

79. A reservoir for water is 10 ft. 3 in. in length, Sft. in 
breadth, and Aft, 11 in. in depth. How many barrels of water 
will it contain? Ans. 68 bar. 22 go/. 1 qt. 1.712' ^t 

80. A farmer wishes to construct a crib which shall contain 
1000 oushels. What must be the length of the crib, allowing 
its height to be 7 /t., and its breadth 9*//. 6 in. ? 

Ans. 18.713' /^ 



HI. 

KATIO. — ^PROPORTION. — ^ANALYSIS. 

81. Find the fourth proportional to 3, 5, and 7 cwt. 3 qr., that 
is, the quantity to which 7 cwt. 3 qr. has the same ratio that 3 
has to 5. Ans. 12 cwt. 3 qr. lS.592nb. 

82. Find the inverse fourth proportional to 5, 13, and 2 T. 
10 cwt. 20 lb., that is, the quantity to which 2 T. 10 cwt. 20 lb. 
has the inverse ratio 5 to 13. Atis. 19 cwt, 1 qr. 3.36' lb, 

S3. Find the dirtct and also the inverse fourth proportional to 
15 bu. 3pk., 25 bu. 2pk. 5 qt., and 3£ 12^. Sd. 

Ans. 5£ 18s. 4.08'rf.; and 2£ As. 7.2'd. 

84. If 12 could accomplish a certain work in 9| days, in what 
time ought 17 men to do the same work ? 
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In these Exercises the papil should he required to state, in 
general terms, the kind of proportion involved in the question. 

Thus, The time required is inversely as the number of men^ 
(i220). 

Ans. 6ff days. 

85. If .75 T. of iron cost S37^, what should he paid for 18 cwt, 
Z qr. 10 /6.,of iron at the same rate ? 

The pupil should also he required to give verbal, analytical 
solutions of these questions. The Analysis of the present one 
might be as follows : 

$37J divided by .75 is the value of 1 ton; and the value of 
one ton multiplied by 18 cwt. 3 qr. 10 lb., reduced to the denom- 
ination of toUj is the value of 18 cwt. 3 qr. 10 lb. 

Ans. $47.05'. 

86. If 6\ acres of ground produce 170 bu. 6 qt. of wheat, how 
many bushels would 37 A. 2 R. 16 P. 20 s. yd. produce at the 
same rate? An;s. \\Q3'hu. 2pk. 2.656^ qt. 

87. Allowing a mechanic to earn $62.87^ in a month, by 
working 9i hours per day, what ought he to earn in a month by 
working 11^ Ar. per day? Ans. $78,168'. 

88. If S20 will supply a family with flour at $5j a barrel, 
for 3 J months, how long would the same sum supply them with 
flour at $4| a barrel? Ans. 3|^ months. 

89. What should be paid for 17 yd. 2 qr. of cloth, if 4 yd. 
3^ qr. of the same sells for $27.87^? Ans. $100,064'. 

90. A company of emigrants has a supply of bread for 25 
days, at an allowance of li lb. to each per day. How long 
would the supply last them at an allowance of 12 oz. per day? 

Ans. 41 1 days. 

91. A lot of ground which is 40 p. 2 yd. long, and 27 p. wide, 
is equivalent in area to another which is 53* p. long. What is 
the breadth of the latter? Ans. 20.37' p. 

92. Three pipes of equal size will fill a cistern with water 
in 13 hr. 40 m. In what time would 5 such pipes fill a cistern 
whose capacity is 24 times that of the first one ? 

Ans. 204 hours. 

.93. If A could build a wall in 3 days, B in 5 days,, and C in 
6 days, in what time could the three together build the wall? 

In this question, as well as those which immediately follow, 
the proportion involved is not very apparent, so that the analy* 
ticat vfill probably be found the most obvious method of solution. 

Ans. ll days. 
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94. A young man squandered ^ of his fortune in one month: 
i of the remainder went in the next two months, when he had 
but $3000 left. What had he at first? Ans. $11250. 

95. A and B together can mow a meadow in 5 days, and B 
could do it himself in 8 days. In what time could A mow the 
meadow? Ans, 13 ^ days. 

96. A cistern receives water through 2 pipes, one of which 
would fill it in 8 hours and the other in 5 hours ; but by leakage 
the cistern loses at the rate of yv ^^ i^^ whole capacity per hour. 
In what time will the two pipes running together fill the cis- 
tern ? Ans. 4| hours. 

97. A and B start at the same time from two places which 
are 75 miles apart, and travel toward each other. A goes 4|^ 
miles per hour, and B 5J miles per hour: in what time will 
they meet each other ? Ans, 7 JJ hours. 

98. The sum of $1000 is to be divided among four persons in 
the proportion of 1, 1-1, 2, and 2j: what are the several shares? 

^715. $142,857, $214,285', $285,714', $357,142'. 

99. A bankrupt is indebted to A $300, to B $500, and to C 
$600. He is able to pay $800 : what is the share of this sum 
that each creditor ought to receive ? 

Ans. A $171,428', B $285,714', C $342,857'. 

100. Three men contracted to grade a turnpike road for 
$5000. In accomplishing the work one of the men furnished 
30 laborers for .45 days, another 42 laborers for 34 days, and 
the other 50 laborers for 30 days. How should the $5000 be 
divided among the contractors? 

^715. The 1st should receive $1577.84', the 2d $1669', the 
3d $1753.15'. 

101. The sum of $2000 is to be divided between A, B, and 0, 
in such a manner that A's share shall be to B*s as 2 to 3. and 
B's to C's as 4 to 5. What are the shares ? 

Ans. A's $457}; B's $685?; C's $857 j. 

102. Four persons in partnership gain $1800. One third of 
the capital employed belonged to the first, j- of it to the second, 
and the remainder equally to the third and fourth : what share 
of the $1800 should be assigned to each? 

Ans. To the Ist $600 ; 2d $450 ; 3d and 4th each $375, 

103. A gentleman wishes to divide $ 1 500 among his three sons, 
so that the first shall have li times as much as the second, and 
the second 2i times as much as the third. What sum must each 
receive? Ans. The 1st $764,V; 2d $509f§; 3d $226|S. 



104. A, B, and C formed a partnership, — A advancing $5000 of 
the j<»nt capital, B $4000, and $3500. At the end of 6 
months A withdrew $1500 from the business, B withdrew $500, 
and C increased his stock by ^ of its priginal amount. At the 
end of 12 months a dissolution occurred, when their profits 
amounted to $3765.12^: how should this sum have been divi- 
ded between them ? 

Ans. A should have had $1293.07'^ B $1140.94^* and C 
$1331. 10^ 

105. A grocer wishes to mix three different kinds of liquor 
which rate at 20 cents, 22 cents, and 31 cents, a gallon, in such 
proportions that the mixture shall be worth 25 cts. a gallon. 
In what proportions must the three kinds be taken ? 

Ans. 6 gal. at 20 cis., S at 31, and 6 at 22. 

106. A gentleman bequeathed the sum of $5000, to be divi- 
ded between his widow, son, and daughter, in the proportion of 
J, }, and J. The widow dying soon after, the whole sum was 
divided in due proportion between the two children : how much 
did each receive ? 

Ans. The son $2777J; the daughter $2222|. 

107. How many ounces of gold which is 15 carats fine, must 
be mixed with 3 oz. 18 carats fine, and 5 oz. 23 carats fine, that 
the compound may be 20 carats fine ? Ans. 1| oz» 

108. If 50 6m. of wheat be exchanged for 80j bu, of rye, and 
3 bu. of rye for 4^^ bu. of corn, and 10 bu. of corn for 12 bu. 3 pk. 
of oats, and 3 J bu. of oats be worth $1, — what is the value of 
100 6w. of wheat? Ans. $92,374/. 

109. What quantities of brandy at 25 cts.^ 30 cts., and 33| 
cts., per gallon, and of water, should be taken to form a mixture 
of 36 gaHons which shall cost 20 cts. per gallon? 

Ans. 8s'j gal. of each kind of brandy, and llff of water. 

110. If 12 oxen eat 3^ acres of grass in 4 weeks, and 21 oxen 
eat 10 acres in 9 weeks, how many oxen would eat 24 acres in 
18 weeks, — the grass being at first equal on every acre, and 
growing uniformly ? ' 

This question may be readily solved after having determined 
the ratio of the weekly growth of grass to the quantity at iirst 
on the ground. > 

If 12 oxen eat 3^ acres of grass and its grototh^ in 4 weeks, 
it would require io-r3j=s3 times 12 oxen^ that is, 36 oxen to 
eat to- aares of grass and its gropth^ in 4 weeks. 
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Hence f of 36, that is, 16 oxen would eat 10 acres of grass 
Vfith 4 weeks* growth of grass, in 9 weeks. But 21 oxen were 
required to consume 10 acres and their growth, in 9 weeks; 
then 5 oxen were fed for, the 9 weeks on 5 weeks* growth of 
grass, and, consequently, 9 oxen were fed on the 9 weeks' 
growth. 

The remaining 1 2 oxen consumed what was on the ground 
at first, and 1 ox consumed ^ of that quantity. But as 9 oxen 
eat 9 weeks' growth, 1 ox must have eaten 1 weeks' growth ; 
and, therefore, 1 weeks* growth was equal to -^ of the quantity 
on the ground at first. 

We may therefore disregard the constant growing of the grass, 
if we increase the number of acres by -^ ^^ itself for each week of 
the respective periods of time. 

Ans, 36 oxen. 



IV. 

r 

PKRCENTAOV, — INTBREST, — DISCOUNT, — EQUATION OF PAYMENTS. 

KF* Questions in Percentage may be solved by the practical 
Rules which have been given on this subject; but the pupil 
should also be exercised in solving them analytically, and by 
Proportion. 

111. An invoice of imported merchandise amounted to 
93763.5; what would be the amount of duty to be paid at the 
Custom House, at 12 per cent? 

1 2 per cent would be -^ of the cost, or 60515 of percentage. 

Ans. $451.62'. 

112. A College edifice which is valued at $25000, is insured 
on } of that sum, at I per cent. What is the amount of the 
premium paid? Ans, $145,833'. 

113. A merchant sold doth at $10.50 per yard, and in so 
doing realized a profit of 25 per cent. What did the cloth «ost 
him per yard ? Ans, $8.40. 

114. What would be the percentum of profit or loss on a 
quantity of spirits, if purchased at 43i cents a gallon, and sold 
at 12^ cenU a pint? Atis. 128.571' per cent, profit. 

115. A tax of $1133. 33i was raised on property amounting 
to $340000. At what percentum was the tax levied ? 

Ans. i per cent 
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116. An agent receives $327$ to invest in merchandise, at a 
commission of 1|^ per cent on the amount of purchase that can 
be made after this percentum is deducted. What will be the 
amount of his commission ? Ans. $48.4\ 

117. What amount of stock in the capital of a canal Com- 
pany, at a discount of 3^ per cent, could be purchased for 
$3860 ? and what amount, at an advance of 4 per cent, could 
be purchased for $6240 ? Ans, $4000 ; and $6000. 

118. A merchant bought 37 yd. 3 gr. of cloth, at $4.87| per 
yard, and 49 yd. 2| qr. of silk, at 93i cents per yard. For what 
sum must the whole be sold to make a profit of 33 J per cent ? 

Ans. $307.328\ 

119. A shipment of goods from New York to Mobile, amount- 
ing to $5362.36, is insured, at 2i per cent., on such a sum, that, 
in case of a total loss at sea, the insurance Company shall be 
liable for I of the value of the goods and the premium of insu- 
rance. For what amount was the policy taken ? 

Ans, 4109.088\ 

120. By selling a lot of carpeting at $1.25 per yard, an up- 
holsterer realized a profit of 20 per cent. If the same had been 
sold at $0.87i per yard, what would have been the percentum 
of profit or loss? Ans. 15.946' per cent. loss. 

121. A broker in Lexington receives $5000 in Southern funds, 
with instructions to purchase stock in the Northern Bank of 
Kentucky. These funds are at a discount of 2^ per cent, while 
the Bank stock is at an advance of 10 per cent ; and the broker 
charges a commission ©f i per cent on the stock purchased. 
Whajt amount of purchase can he make? Ans. $4398.826'. 



$1723.50. ' St, Louis, May lOthj 1848. 

122.~Twelve months after date, I promise to pay to John 
Smith, one thousand seven hundred and twenty- three dollars 
and fifty cents, with interest, for value received. 

Edward Earnest, 
The following payments were endorsed on this note : 
May 10th, 1849, received $1000. 
June 25th, 1850, received $ 25.50. 
Dec. aoth, 1860, received $ 49.75. 

What is the balance due on the Ist of March, 1851 ? 

Ans. $841,517'. 
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123. A loaned B $320 for 2 yr. 9 m. 25 da.y at the end of 
which time the Amount was found to be $383,155'. At what, 
rate per cent was the interest computed ? Arts, 7 per cent. 



$2485.75. New Orleans^ June 3dj 1847. 

124. On or before the 1st of January next, I promise to pay 
to Enos Goodfellow, Two thousand four hundred and eighty-five 
dollars and seventy-five cents, with interest, for value received. 

Timothy Trustworthy. 

Endorsements: — March 4th, 1848, received $100. 

May 20th, 1848, received $340.50. 

What balance was due on 25th of December, 1849 ? 

Ans. $2337.87'. 

125. A debt of $375.37|, in the District of Columbia, re- 
mained unpaid until it had legally amounted to $500. How 
long was it on interest ? Ans. 5.533' years. 

126. A gentleman in New York proposes to loan a sura of 
money which, at lawful interest, shall amouiit to $5000, in 2 
years and 6 months. WTiat must be the amount of the loan ? 

Atis. $4255.319'. 

127. For what sum must a note be drawn, at 4 months, that 
the proceeds of it when discounted in Bank, at 6 per cent, shall 
be $1000? • • Jn5. $1020.929'. 

128. A merchant bought a stock of goods amounting' to 
$7381.25 on a credit of 6 months, but paid the debt in 3 months 
and 21 days from the time of purchase. What discount shoxild 
have been allowed him, — rating interest at 6 per cent? • - 

Ans. $83,919'. 

129. A speculator buys 320 mules at $62^ each, and pays 
for them with the proceeds of a note which is discounted in 
Bank, for 4 months, at 6 per cent. At the end of one month he 
sells his mules at $87|- each, and puts the proceeds at interest, 
at 10 per cent, until his note is to be paid in the Bank; what 
profit does he make by these transactions? Ans. $7653.75'. 

130. A farmer bought 230 A. 2 R. 30 P. of land, at $32^ per 
acre, on the conditions of paying $1000 in hand, $1500 in 12 
months, and the remainder in 1 yr. 6 m. If the whole were 
converted into one payment, in what 'time should that payment 
be made? Ans. I yr. 2m. 11 da. 
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131. A person owes a note of $800 in a Bank, and has $500 
with which he proposes to pay a part of the note^ and the dis- 
count at 6 per cent, on a note at 4 months, to he given for the 
remainder ? How much is he able to pay on the note ? and 
what will be the discount on the remainder ? 

If $500 were paid on the note, the remainder would be $300; 
the remainder is the avails or present worth of the note to he 
given at 4 months — and the Bank discount on this note sub- 
tracted from $500, will leave the payment that can be made on 
the first note. 

Ans. $493.73'; and $6.27'. 

132. A merchant took a farmer's note for $325.50, due, with- 
out interest, on the 1st of June, 1848, and some time afterwards 
the fafmer got possession of a note against the merchant for 
$500, ^ue, without interest, on the 20th of January, 1850. 
Settlement was had on the 15th of August, 1849: how stood 
the matter of debt between them, allowing money to be at 7 
per Cent? Ans. $132.51' in favor of the farmer. 

133. What would a person gain or lose by borrowing $1000 
for 2 years and 6 months, at 7 per cent, and lending the same 
sum at 6 per cent, and on such conditions as will enable him 
to compound the interest every 6 months ? 

Ans. He would lose $15,727', 

134. A person owes a debt of $1500, towards the payment of 
which he is able to raise but $900. He offers this sum, to be 
applied in part to the payment of the debt, and in part to pay- 
ing the interest, at 8 per cent, in advance, on his note at ' 1 2 
months for the remainder. His creditor accepting, for what sum 
must the note be drawn ? Ans. $652.17' 

If $900 were paid on the debt, the remainder would be $600. 
This remainder is the present worth of the note to be given at 
12 months. Ans. $652.17' 

135. A is indebted to B $400, of which $100 will be due on 
the 1st of July, $150 on the 3d of September, and the remainder 
on the 16th of December, — without interest. On what day 
might the whole be equitably paid at once ? 

Consider the two last payments as having credit from the 
time at which the first payment will be due. 

Ans. September -^th. 
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V. 

SQUARE AND CUBE ROOTS. 

136. What must be the length of each side of a square tract 
of land which shall contain 100 acres? Ans. 126.491' p. 

The number of poles in each side is the square root of the 
number of square poles in the area, (} 303). 

137. A field containing 35 A. 3 R. 25 P. has its length equal 
to twice its breadth. What is the length of the field ? 

Ans. 107.19' p. 

138. What must be the length of each edge i^i a cubical block 
of marble which shall contain 1000 cubic feet? Ans. 10 ft, 

139. A reservoir containing 325 barrels of water, ♦has its 
length equal to twice its breadth or depth. What is the depth 
of the reservoir ? Ans. 9.846' ft. 

140. What must be the dimensions of a granary which shall 
contain 2000 bushels of wheat, — -its length to be equal to twice 
its breadth, and its breadth equal to twice its height? 

Ans. Length 27.1', breadth 13.55', height 6.775 /f. 

141. How many square feet are contained in the bottom and 
the four sides of a cubical cistern, the capacity of which is 175 
barrels of water ? Ans. 509.34' sg. ft. 

m 

142. What would be the difference in area between two fields 
of the same compass or perimeter, — one of them to be in the 
form of a square, — the other to be 75 r. in length, and 30 r. 3 yd. 
in breadth? . ^n*. 3 A. 13.92' P. 

143. A person enclosed a gard'en 16 r. 2 yd. in length, and 
10 r. in breadth, at $3.75 per rod for paling, and his neighbor 
enclosed the same area at the same rate for paling, but chose 
to have his in the form of a square. What did the latter gain 
or lose by such expedient ? ^n5. Gained S5.842'. 

144. What would be the difference in the number of square 
feet contained in the four sides of a wine vat of 10 barrels 
capacity, whether it be of a cubical form, or of a length equal 
to twice its breadth or depth ? Ans.. 27.817' sq. ft. 

Other exercises in the application of the Square and Cube 
Root* will be found in th^ Mensuration of Surfaces and Solids, 
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VI. 

R£P£ATIN0 decimals. — CONTINUED AND APPROXIMATING FRAG* 
TIONS. — ^PROGRESSIONS . — ANN UITIES. — ^PERMUTATIONS 

AND COMBINATIONS. 

145. What would be the percentum of profit on a quantity 
of spirits, if purchased for $195, and sold for $325 ? 

325—195=130; and 13q-rl95=.6=f=f. 
We thus find the ratio of the profit to the cost, and from this 
ratio is readily found the percentum of profit. 

The ratio of profit is also expressed by -ff §=1. But calcula- 
tions in Percentage are most usually performed by decimal ope- 
rations, and it will sometimes be expedient to reduce a#epcating 
decimal to an equivalent vulgar fraction. 

. Ans, 66| per cent. 

146. A tax of $400 is t;o be assessed on property which is 
valued at $120000. At what rate per cent must the tax be 
assessed ? Ans. i per cent. 

147. A merchant bought a quantity of cloth for $720. At 
what petcentum must he set his profit in selling to gain $240 
on the cloth ? Ans. 33i per cent. 

148. The pyramid of Cheops in Egypt, which is the loftiest 
structure ever raised by man, is 5^3 feet in height, and the 
altitude of the loftiest mountain is 29000 feet. What are the 
approximate ratios of these altitudes ? 

149. The altitude of the loftiest mountain on the Earth being, 
as already stated, 29000 feet, and the Earth's diameter being, 
in round numbers, 8000 miles, what are the approximate ratios 
of the altitude of this mountain to the diameter of the Earth ? 

Ans. yyVir; -irVr; -sttS) ^^' 

150. A man had 12 children, whose ages were in arithmetical \ 
progression ; the youngest being 1 year old, and the eldest 34. 
What was the common difference of their ages ? 

Ans. 3 years. 

151. A gentleman bequeathed to the eldest of his four sons 
$4000, and to the youngest $9000, while his second and third 
sons were to have the geometrical and arithmetical means^ 
respectively, between the portions of the other two. What did 
the second and the third receive? Ans. $6000 ; and $6500. 
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152. A person completed a journey in 15 days^ and his daily 
advances -were in arithmetical progression. On the eighth day 
he traveled 26 J miles: what was the length of his journey? 

Ans. 397^ miles. 

153. A lady who was married on a New-year's day, received 
from her father $1 towards her fortune, and the sum was tripled 
on the first day of each mouth to the end of the year. What 
was the amount of her fortune ? Ans. $265720. 

154. If a hody were to move at the rate of 60 miles the first 
hour, 40 miles the second 'hour, and so on in decreasing geo- 
metrical progression for ever, what would be the whole distance 
that it would describe? Ans. 180 miles. 

155. What would $1 amount to in 100 years, at 6 per cent, 
compound interest ? ^715. $339,301'. 

156. Whit would $100 amount to in 5^ years, at 7 per cent, 
if the interest were compounded semi-annually ? 

7 per cent per annum is at the rate of 3| per cent for half a 
year; and the amount required is evidently the same that 
would arise from 3^ per cent per annum in double the given 
time, that is, in 1 1 years, 

Ans. 145.997'. 

157. If $250.25 were loaned at 6 per cent, and the interest 
were collected and put at interest every 6 months, what would 
be the amount in 20 years ? Ans. $816,323'. 

158. On the birth of his first. son a gentleman put at interest, 
at 8 per cent, a sum of money which, by adding the interest 
annually due to the principal, he augmented to the amount of 
$5000 by the time his son was 21 years old. What was the- 
sum originally put at interest ? Ans. $962,875'; 

159. The tents of an estate, at $500 per annum, have re- 
mained unpaid for 7 years. What amount is now due, allowing 
simple interest, and what, allowing compound interest, at 6 per 

^cent? Ans. $4130; and $4196.838'. 

160. A pension of $200 a year, payable semi-annually, has 
been forborne for 13 years. What amount is ilue, if compound 
interest be allowed, at 6 per cent? Ans. $3855.27'. 

161. The rent of a house is $300, and the owner wishes to 
convert this rent, for 5 years to comCj into an equivalent sum 
in ready money. Required the sum that should be paid him, 
if compound interest be charged, at 6 per cent. 

Ans. $1263.68'. 
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162. What is the difierence in present value between a term 
of 15 years in an estate of $800 per annumpand the reversion 
of the same estate for ever, after the expiration of the 15 years, 
reckoning compound interest at 5 per cent? Ans. $493.15'. 

163. In an exhibition of a public school, 7 speakers are to be 
taken from a class of 12 students. How many different selec- 
tions of the seven might be made? and in how many different 
ways might they succeed each other in the delivery of their 
speeches ? Ans. 

164. A die is a small cube whose six faces are marked with 
the numbers from 1 to 6 inclusive. How many difierent com- 
binations of five numbers might be exhibited on their superior 
faces, in throwing five dice together ? Ans. 

165. A company of 10 persons engaged to remain together so 
long as they might be able to combine in different couples in an 
evening walk. How long will it require them to fulfil their 
engagement ? Ans. 

166. lii how many different ways might the seven prismatic 
colors, red, orange^ yellow, green, blue, indigo, and violet, have 
been arranged in the solar spectrum ? and how many different 
combinations of three colors might be formed out of these seven? 

Ans. 5040; and 840. 

167. A person who enjoyed a perpetuity of $1000 per annum, 
provided in his will that, after his decease, it should descend to 
his only son for 10 years, to his only daughter for the next 20 
years, and to a benevolent Institution for ever afterwards. 
What was the value of each bequest, at the time of his decease, 
allowing compound interest at 6 per cent ? 

Ans. 7360.03'; $6405.75'; $5196.75. 
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} 375» Mensueation consists in applying the principles of 
Geometry (^ 4) to the determination of the dimensions and 
contents of surfaces and solids. \ 

Geometrical Definitions. 

J 376. A point is mere position, without length, breadth, or 
thickness. — ^A line is an extension in lengthy without breadth, 
or thickness. — A straight line is one which has the same diree* 
tion throughout its whole extent. — A curved line is one which 
continually changes its direction. 

i 377* An Angle is the divergence from each other of two 
straight lines which have a common point. This point is called 
the vertex of the angle^ and the lines themselves are the sides 
of the angle. 

A right angle is one of the two equal angles which one straight 
line may make at a point in another straight line. 

Thus if the two angles ABC and C B D are equal to each 
other J each of them is a ris:ht angle. 

C U ^ 

/ 



A 
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An acvte angle is one which is less than a right angle, as the 
angle G B £ ; and an obtuse an^ is one which is greater than 
a right angle, as the angle A BE. 

\ 378. One straight line is perpendicular to another when 
they form a right angle with each other. 
Thni the straight line B C is perpendicular to A D. 
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§ 37d« Two straight lines are parallel to each other when 
they are everywhere equidistant from each other. 

F G and H I may represent two straight lines which are 
parallel to each other. 



— / 



Two parallel straight lines, it is evident, would never meet, 
how far soever they might be produced. 

§ 380* A surface is an extension in length and hreddthj with- 
out thickness; and a plane is a surface in which if any two 
points be taken, the straight line which joins them lies wholly 
in the surface. 

Polygons. 

^ 381* A plane fignre is a bounded plane surface. — X recti- 
lineal figure, or polygon^ is a plane bounded by three or more 
straight lines which are called the sides of the polygon, and all 
the sides together make up the perirneter of the polygon. 

\ 383« A triangle is a polygon of three sides. A triangle is 
equilateral when its three sides are equal — isosceles when two 
of its sides are equal — and scalene when no two of its sides 
are equal. 

^ 383. A right angled triangle is one which has a right 
angle. The side opposite to the right angle is called the 
hypothenuse : th^ other two are the perpendicular sides. 





Thus D 6 F is a right angled triangle, having the right an- 
gle at G. The side D F is the hypothenuse. 

f 384* Any side of a triangle may be considered as its base^ 
and the perpendicular distance from the base, or the base pro- 
dnoed, to the vertex <^ the opposite angle, is the alHtudt 9t the 
triangle. 

Thus G F is the altitade of the triangle D £ F (nr H I F. 
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J 385. A quadrilateral is a polygon of four sides. XparaU 
lelogram is a quadrilateral whose opposite sides are parallel ; a 
rectangle is a parallelogram whose four angles are right angles; 
and a square is a rectangle whose sides are all equal. 

A trapezoid is a quadrilateral which has only two of its sides 
parallel. 




A B G D is a parallelogram ; and ABED is a trapezoid^ 
having the two sides AB and D £ parallel to each other. 

^ 3S6. Any side of a parallelogram may be considered as its 
base^ and the perpendicular distance from the base to the oppo« 
site side, is the altitude of the parallelogram. 

The altitude of a trapezoid is the perpendicular distance be- 
tween its two parallel sides. 

Thus B E is the altitude of the parallelogram A C, or of the 
trapezoid A E. 

\ 3§7. A diagonal is a straight line which joins the vortices 
of two angles of a polygon that are not adjacent to each other. 

The diagonal of a parallelogram divides the parallelogram 
into two equal triangles. 

Thus D B is a diagonal, and it divides the parallelogram A C 
into the two equal triangles A'B D and G D B. 

§ 388* A pentagon is a polygon of five sides ; a hexagon hai 
six sides, — a heptagon seven, — an octagon eight, — a nonagon 
nine, — a decagon ten, — an undecagon eleven, — a dodecagon 
twelve, &c. 

i 389. A regular polygon is one whieh has all its sides equal, 
and all its angles equal, — ^being equilateral and equiangular. 

i 390« Two polygona^re similar when they have the angles 
of the one equal to the angles of the other, each> to each, and 
the sides which contain equal angles propgrtional. 
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Circle and Ellipse. 

{ 391. A circle is a plane figure bounded by a curve line 
tailed the circumference^ all points of which are equidistant 
from a point within called the centre. 

The radius of a circle is a straight line drawn from the centre 
to the circumference ) and the diameter is a straight line drawn 
through the centre, and terminated both ways by the circum- 
ference. 

§ 393. An arc of a circle is any part of the circumference ; 
and the chord of an arc is a straight line joining the two extremi- 
ties of the arc. 

A segment of a circle is the space enclosed by an arc and its 
chord; and a sector of a circle is the space enclosed by an arc 
and two radii drawn to its extremities. 

A semicircumference is half the circumference — ^a semicircle 
is a segment equal to half the circle — ^a quadrant is a fourth 
part of the circumference, or a sector equal to a fourth part of 
the circle. 





A B D E F A is the circumference of the circle, C the centre j 
C A a radius, D F a diameter, A B D an arc, the straight line 
A D is the chord of the arc, A B D A is a segment. A C D B A 
a sector. 

i 393* An ellipse is a plane figure bounded by a curve Hne, 
from any point of which if two straight lines be drawn to two 
feted points, their sum will be equal to a straight line drawn 
through the same two points, and terminated both ways by the 
curve. 

Thus A D B B G A may represent an ellipse, in which tho 
two lines E F and E/, drawn from any point of the curve, as E, 
to the two points F and /, are together equal to A B. 



MBKSURATION.. 317 

The two fixed points, F and/, are the two- foci of the ellipse, 
^the middle point G of the straight line which joins the two 
foci, is the centre^ — and the distance, F or C/, from the centre 
to either focus is the eccentricity, ^ 

The diameter A B which passes through the two foci, is called 
the transverse axis; and the diameter DG which is drawn 
through the centre, perpendicular to A B, is tlie conjugate axis. 

Division of the Circumference^ and the Measure of 

Angles. 

§ 394* The Circumference of every circle is conceived to be 
divided into 360 equal parts called degrees, each degree into 
60 equal parts called minutes^ and each minute into €0 equal 
parts called seconds. 

Degrees, minutes, and seconds, are denoted thus 
25® 30' 45", 25deg. 30 mm. A5 sec. 

i 395« An Angle is measured by the number of degrees^ &o., 
intercepted between its sides, when a circle is described from itf« 
vertex as a centre. 
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Thus, if a circle be describeWrom the point B as a centre, the 
angle A B D for example, will be measured by the number of 
degrees intercepted between the sides A B and B D. 

Two right angles^ as A B G and C B D, will together confain 
on€ half of the entire circumference, or 180®. Hence a right 
angle is an angle of 90®. 

All the angles that can be formed at a point in a straight line, 
on one side of the line, are together equal to two right angluj 
OS 180®. 

The angles A B D, D B C and C B £ together ooxxtftui IBO^. 

The three angles of every triangle together contain 1 80® ; and 
the four angles of every quadriUUeral"togtther contain 360®. 
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Relation between' the Sides of a Right Angled Triangle. 

^ 3t|6« The square on the hypothenuse or longest side of a 
rigl^t angled triangle, is equal to the sum of ike squares on the 
other two sides. 

• Thus, in the right angled triangle A B C, the square whose 
side is the hypothenuse A C is equal to the sum of the two 
squares whose sides are A B and B C respectively. 





T^e property above stated iHay be expressed thus : 

AC^-AB^-fBC^ 
Hence also the square on either of the two perpendicular 
sides, is equal to the square of the hypothenuse diminished by the 
square of the other side : that is, 

AB2 = AC» — BCj»; and B C ^ = A G 2 — AB^ 

On th^se principles, any one side of a right angled triangle 
may be found when the other two sides are given. 

For example, suppose the side A B = 4 ft,, and 30 = 3 ft. 
Then 4»-f 33 = 16 + 9 = 25=:A C ^; and since 25 is the 
square of A G, the length of this |ide is the sijuare root of 25. 

Square Inscribed in a Circle. 

i 397 • The side of a square inscribed in a circle, is equal to 
the square root of half the square of the diameter of the circle. 

Thus, let A B G D*be a square in8(M*ibed in a circle whoso 
diameter is B D. Then B P - = B G ^ -f G D a, or twice B U ^. 

Hence BC^=BD2-t-2, and BO=the square root of 
(BDa-r2). 

Any polygon it said to be inscribed in a circle when all the 
vertices of the polygon are in the circumference; an$l the cirele 
iir thcai said to circumscribe the polygon. 
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Ratio between the Diameter and Circumference. 

^ 30S. When the Diameter of a Circle is 1, the €ircumfe- 
rence is 3.14159' ; and the circumferences of circles are propop- 
tional to the diameters ; hence 

any diameter X 3.14159' =the circumfcrcnne ; 
any circumference -f- 3.14159' = the diameter. 

Instead of the decimal part of this ratio, we may use its 
approximate value | when great accuracy is not required; thus 
the circumference of a circle is 3^ times its diameter, w«aWi/. 

The decimal .14159' is nearly equal to .1416, and this last is 
often used in calculatit>n. The exact ratio between the diameter 
and circumference cannot be determined. 

Lengch of an Arc of a Circle — hpw found. 

} 399. The length of 1° on the circumference of a circle 
whose diameter is 1, is 3.1^159 — 360 =.0087206' ; and the 
lengths of arcs containing the same number of degrees^ in different 
circles, are proportional to the diameters ] hence 

The length of an arc = the number of degrees in the arc, X 
.0087266' X the diameter of the circle. Or, 

360° : to the number of degrees in the arc : : the length of the 
circumference : the length of the arc. 

i 400. Areas of Regular Polygons whose sides are Unity. 



NAMES. 



Triangle . 
Squafe ... 
Pentagon . 
Hexagon . 
Heptagon. 



AHXAS. 



0.43.30127' 
I 0000000' 
1.7204774' 
2.5980762' 
3.6399124' 



NABm. 



Octagon. . . . 
Nonaaon .. 
Decagon .. 
Undecagon . 
Dodecftgon 



ABEAI. 



4.828427y 
6.1818342' 
7.6642088^ 
9 3656399' 
11.1961524' 



■ . .■ i. 



■A I iii-if, u,: 



This table gives the area of a regular Polygon when each side 
of the polygon is 1 . 

Thus if each side of a regular Pentagon be 1, the area will 
be 1.7204774' ; if each side of a regular Octagon be 1, the area 
will be 4.8284271'. 
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Areas of Plane Figxtres. 

f 401. The Area of any figure is the ratio of its surface to 
some assumed unit of surface, as a square inchj square foot, &c 

The dimensions of figures being expressed in linear inches, 
or feet, &c., their areas in square inches^ or square feet, &c., will 
be as follows :^ 

I. The Area of a Parallelogram is equal to its base X its 
altitude, 

II. The Area of a Triangle is equal to its base X its altitude 
-f- 2 ; or it is equal to the square root of the Product formed by 
multiplying half the sum of the three sides by the three remain- 
ders, continually, after each side is subtracted from the same 
half sum. 

in. The Area ot a Trapezoid is equal to the sum of its two 
parallel sides X its altitude -7-2. 

IV. The Area of any Polygon of more than three sides is 
equal to the sum of the areas of the Triangles or Trapezoids 
into which it may be divided by diagonal lines. 

V. The Area of a Regular Polygon is equal to the perpen- 
dicular from the centre to one of the sides X the perimeter -r- 2 ; 
or it is equal to the square of one side X the area of a similar 
polygon whose side is a unit. (§ 400.) 

VI. The Area of a Circle is equal to its radius X its circum- 
ference ^ 2 ; Or it is equal to the square of its radius, X 3.14159. 

VII. The Area of a Sector of a circle is equal to the radius X 
the length of the^Urc of the sector -f- 2 ; or 

360° : the number of degrees in the arc of the sector : : the 
area of the circle : the area of the sector. 

VIII. The Area of a Segment of a circle is equal to the area 
of the sector having' tfte same arc, + or — the triangle formed 
by the chord of the segment and XYie radii of the sector, aocord- 
ing as the segment is greater or less than a semicircle. 

IX. The Area of an Ellipse is a geometrical mean between 
the areas of the two circles whose diameters are the two caes of 
the ellipse; and is equal to the product of the semi-axes^ X 
3.14159. 
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0;;p* The demonstration of the preceding propositions depends 
on principles of Geometry which cannot be given in this work. 



EXERCISES 

In the Mensuration of Plane Figures, 

1. The two perpendiculaV sides of a right angled triangle are 
30 and 40 feet, respectively. What is the length of the hypo- 
thenuse? Ans, 50 ft, 

2. If the hypothenuse of a right angled triangle be 75 feet in 
length, and the base 60 feet, what is the altitude of the triangle? 

Ans. 45 ft. 

3. What is the length of the diagonal of a rectangle whose 
base is 50 feet, and altitude 12 feet 9 inches? Ans. 51.6'//. 

4. Wliat is the length of the side of a square inscribed in a 
circle whose diameter is 100 feet? and of one inscribed in a 
circle whose radius is 25 feet? 

Ans. 70ft. 8.52' in.; and 35/^ 4.26' in. 

5. What is the circumference of a circle whose diameter is 
37i feet? and the diameter of one whose circumference is 
300 /^? Ans. 117.809'/^; and 95.493' /^ 

6. What is the length of an arc containing 75 degrees on the 
circumference of a circle whose radius is 5 feet ? 

Ans. 6.544'/r. 

7. How many degrees are there in an arc of 3 feet in length 
on the circumference of a. circle of radius 10 feet? 

Ans. 17° 11' 16.8". 

8. Find the area of a parallelogram, and also of a triangle, 
whose base is 9i feet, and altitude 8 feet. 

Ans. 76 sq.ft.; &nd2S sq.ft. 

9. Find the area of a trapezoid whose parallel sides are 15 
and 20 feet, respectively, and altitude 6 feet 8 inches. 

Ans. 116.655' sq.ft* 

10. Find the area of a regular pentagon, and also of a regular 
octagon, supposing each side to be 10 feet. 

Ans. 172.047' sq.ft.; and 482.842' 59. /^ 

1 1 . Find the area of a circle whose radius is 25 feet, and also 
of an ellipse whose axes are 20 and 30 'feet. 

Ans. 1963.493^ sq.ft.; and 471.238' s^./f. 
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12. I^ind the area of a circular sector whose arc is .60° on a 
circumference of radius 3 feet, and also of the segment (less 
than a semicircle) having the same arc as the sector. 

The chord of an arc containing 60° is always equal to the 
radius of the circle. Hence the triangle which is formed of this 
chord and the two radii of the sector, is equilateral. 

Ans. 4.712^ sq.ft. 'j and .815' 55. /^ 

13. What must be the altitude of a trj angle whose base is 16 
feet, that the area may be 100 square feet? 

Since the area, of a triangle is equal to its ba.'se X its altitude 
•7- 2 ; conversely^ the cirea -7- the base will be half the altitude ; 
or twice the area ~ the base, will be the altitude. 

Ans. l,2i/f. 

14. What must be the altitude of a parallelogram whose base 
is 25 feet 3 inches, that the area may be 250 sq.ft. ? • 

Ans. 9.9' /if. 

15. What must be the side of an equilateral triangle that its 
area may be 500 sq. ft. ? — The given area -r by the tabular 
area of a triangle whose side is 1, will be the square of the re- 
quired side. A71S. 33.98'/^ 

16. What must be the side of a regular decagon, and also the 
radius of a circle, that the area of each figure may be 1000 
square feet? Ans. 11.4' /t.: and 17.841 '/^ 

17. Allowing the perimeter of a regular hexagon to be 120 
feet, and the circumference of a circle also 120 feet, what would 
be the area of each figure ? . 

^715. 1 039.23' 5g./f.; and 1145.91' 59. /f. 

18. The diagonal of a quadrilateral field is 45 rods, and the 
two perpendiculars to the diagonal from the opposite angles are 
20 and 30 rods, respectively. What is the area of the field ? 

Ans. 7 A. 4.96' P. 

19. A circle of 33 feet in diameter is enclosed by another 
circle 50 feet in diameter. What is the area of. the space in- 
cluded between their circumferences ? 

The space between the circumferences is the difference of the 
areas of the two circles. Ans. 1108.195^ sq.ft. 

20. An irregular pentagon has been divided, by drawing per- 
pendiculars from three of the angles to the opposite side, into 
two triangles whose bases are 12i and 14 /^, with corresponding 
altitudes of 10 and 15i/f., and two trapezoids, adjacent to each 
other, whose parallel sides are the same two altitudes, with an 
in^rmediate one of 20 /f ., and the distance between the parallel 
sides of each is 18 ft. What is the area of the. pentagon? 

Ans. 756i sq. ft. 
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21. The base of an isosceles triangle is 20 feet, and each of 
the two equal sides 15i feet. What is the altitude of the 
triangle? 

The perpendicular from the vertex to the base, will bisect 
the base, that is, divide it into two equal parts. 

Ans. 11.842'/^ 

« 

22. Allowing the area of a circle to be 375 square feet, what 
would be the area of the inscribed square ? 

Ans. 23H.71V sq.fc. 

23. By drawing a diagonal through a certain tract of lapd. 
it will be divided into a parallelogram and a triangle ; the base 
and altitude of the former will be 320 and 193.25 rods, and the 
sides of the latter 203, 150i, and 175 rods. What is the area? 

Ans. 466 A. 2 R. 18.56' P. 

24. Find the area of the space included between the curve of 
an ellipse whose axes are 40 and 50 feet, respectively, and the 
circumference of a circle whose diameter is the conjugate oi 
minor axis of the ellipse. " Ans. dlA.159^ sq. ft. 

25. What must be the perimeter of a regular dodecagon 
which shall contain the same area as a circle whose circum- 
ference is 1 000 feet ? Afis. 1011 .672' ft. 

* 26. A gentleman has a garden 100 feet in length,, and 80 
feet in breadth. What must be t\\€ breadth of a walk extending 
half round the garden, which shall occupy one half of the 
ground? ^ Ans. 25.968' /f. 

27. The perambulator, or surveying wheel, is so contrived as 
to turn just twice in the length of one pole, or 16| feet * what is 
its diameter? Ans. 2.626' /f. 

28. From a mahogany plank 16 inches in breadth, 6 square 
feet are to be sawn off. At what distance from the end must 
the line be struck? Ans, 4j/i. 

::9. A and B departed from an inn at the hour of eight in the 
morning; A went north-west, at the rate of 6 miles an hour, 
and B north-east, at the rate of 8 miles an hour; how far were 
they distant fi-ora each other at 12 o'clock of the same day? 

Ans. 40 miles. 
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Solids. 

f 409* A SoiiiD, in Geometry, is an extension in length, 
breadth, and depth, height, or thickness ; and is to be regarded as 
mere space, unconnected with any of the properties of matter. 

Polyedrons. 

i 403* Apolyedron is a solid included between several plane 
faces which meet each other in straight lines, called the edges 
of the polyedron. 

Polyed^rons, among solids, correspond to polygons among 
plane figures. 

^ 404* A prism is a polyedron included between two equal 
and parallel polygons, called its bases, a.nd three Qr more paral- 
lelograms which are its lateral fogies, and which together make 
up the convex surface of the prism. 

A prism is trian^lar, quadrangular, or pentagonal, &c.; ac- 
cording as its base is a triangle, quadrilateral, or pentagon, &e. 






ABC-FED is a triangular prism, whose bases are the trian- 
gles ABC and F£D, and lateral faces the parallelograms A£, 
EC, and CD. 

A right prism is one whose lateral faces are perpendicular to 
its bases ; any other is an oblique prism. 

The altitude of a prism is the perpendicular distance between 
its two bases. 

§ 405* A parallelopipedon is a prism included between six 
parallelograms. When its six faces are all rectangles, it is a 
rectangular parallelopipedon ; and when they are all squares, it 
is a cube. 

Thus KL-MN may represent a cube, whose faces are six 
equal squares. 
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i 406* A pyramid is a polyedron included between a poly- ' 
gon called its base^ and three or more triangles which form its 
convex surface^ and which meet in a point called the vertex of 
the pyramid. 

A pyramid is triangular^ quadrangular, or pentagonal, &c., 
according as its base is a triangle^ quadrilateral, or pentagon, 
&c. 

GHI-P is a triangular pyramid, whose base is the triangle 
GHI, and vertex P. 

The altitude of a pyramid is the perpendicular distance from 
the base, or the plane of the base produced, to the vertex, 

A right pyramid is one whose base is a regular polygon, and 
lateral faces equal triangles. Its slant height is the perpendicu- 
lar from the vertex to any side of the base. This is sometimes 
called a regular pyramid. ' 

i 407. A frustum of a pyramid is a portion of it included 
between the base and a plane parallel to the base. The frustum 
will thus have two bases, and its altitude will be the perpendicu- 
lar distance between them. The slant height is the perpendicu- 
lar distance between two corresponding sides of the two bases. 

§408. Similar polyedrons are such as are included between 
the same number of similar polygons, similarly situated. 

Five Regular Polyedrons. 

. 5 409* A regular polyedron is one whose faces are all equal 
regular polygons. Thus a pyramid whose base and three late- 
ral faces are equilateral triangles is a regular tetraedron ; and 
the cube^ whose faces are squares, is a regular hexaedron. 

Besides these there may^lso be the following regular polye- 
drons, viz. 









A rcgulj^r octaedron is included between eight equilateral 
triangtes ; a regular dodecaedron between twelve regular penta- 
gons ; and a regular icosaedron between twenty equilateral 
triangles. — There can be no other regular polyedrons, from the 
impossibility of arranging the angles of regular polygons, in 
any other way, around a solid vertex. 
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Cylinder^ ConCy and Sphere. 

. { 410. 'A cylinder is a solid included between two equal and 
parallel circles, called its bases^ and a convex surface in which 
a straight line may be drawn between any two corresponding 
points in the circumferences of the two. bases. 

Thus AB-DC may represent a cylinder, whose bases are the 
circles AB and DC. AC or BD is a straight line lying in the 
convex surface, between corresponding points in the circumfer- 
ences of the two bases. 







The axis of a cylinder, as EF, is the straight line which joins 
the centres of the two bases. A right cylinder is one whose cucis 
is perpendicular to its bases • otherwise, the cylinder is oblique. 

^ 411* A cone is a solid included between a circle, called its 
base, and a convex surface in which straight lines may be drawn 
at pleasure from the circumference of the base to a point called 
the vertex of the cone. 

GH-P represents a cone whose base is the circle GH, and 
vertex P ; GP or HP is a straight line lying in the convex 
surface. ' 

The axis of a cone, as PD, is a straight line which joins the 
vertex to the centre of the base. A right coije is one whose 
axis is perpendicular to its base ; otherwise, the cone is oblique. 

The altitude of a cylinder or a cone — also a frustrum of a 
cone — are to be understood in the same way as for a prism and 
pyramid. ' ^ 

§ 41d« A sphere is a solid bounded by a curved surface, all 
points of which are equidistant from a point within called the 
centre. 

A sphere would be described by revolving a semicircle AOB 
about its diameter AB — this diameter remaining unraored. 



TIm radius of a iphere ii a straight line dravra from the ceo. 
tre to any point of the surface ; uid a diamtter is a straight tine 
passing through the centre, and terminated both ways by the 

The tircumfcrtnce of a sphere is the same as that of a eircte 
having for its diameter any diaineler of the sphere :—sacli circle 
is also called a great circle of the sphere. 

. A hemijphtre is one half of a sphere ; that is, one of the two 
equal parU into which a sphere "irill be divided by a.plantpass- 
ing through ils centre. 



i 413. A spheroid is a solid described by revolving on 
ellipse about one of its apxs — that axis remaining unmoved or 
fixed. 




An oblate spheroid is described by revolving an ellipse about 
its shorter axis CD and a prolate spheroid, by revolving the 
ellipse about its longer ai s AB 



i 414. The measure of the surface of any solid is oipressed 
by the area of an equivalent plane surface; solidity, or the 
volume of a solid, is expressed by the ratio of the space occupied 
by the solid to some assumed unit of solidity, as a cubic inch, or 
a cubic foot, &c. 

In the following propositions it is to be understood that the 
»oliditiis vnll be found in cubic units corresponding in name to 
the linear units in whith the dimeiAioos are taken. 



^2B maracmAnoir. 

I. The OonTex Surface of a Right Prism or Cylinder, is 
equal to the perimeter or circumference of its base X its alti' 
iude. 

II. The Solidity of any Prism or Cylinder is equal to the 
area of its base X its altitude. 

III. The Convex Surface -of a Right Pyramid or Cone, is 
equal to the perimeter or circumference of its base X its slant 
height — 2. 

IV. The Solidity of any Pyramid or Cone is equal to tlie 
area of its base X its altitude -7- 3. 

V. The Convex Surface of a Fnistum of a right pyramid 
or cone, is equal to the sum of the perimeters or circumferences 
of its two bases X its slant height -7-2. 

VT. The Solidity of a Frustum of any pyramid or cone, is 
equal to (the sum of the areas of its two bases + & meanpropor- 
tional betinreen those areas) X its altitude -7- 3. 

VII. The Surface of a Regular Polyedron is equal to the 
area of one of its equal faces X the number of its faces; or it is 
equal to the square of one of the edges of the polyedron X the 
surface of a similar polyedron whose edge is unit^j and 

VIII. The Solidity of a Regular Polyedron is equal to the 
cube of one of its edges X the solidity of similar polyedrdn 
whose edge is unity. , 

C^^ The edges of a polyedron are evidently the same as the 
sides of the polygons which form the faces of the polyedron. 

IX. The Surface of a Sphere is equal to its diameter X its 
circumference ;' or it is equal to the square of its diameter X 
3.14159. 

X. The Solidity of a Sphere is equal its surface X its radius 
-r3 ; or it is equal to the cube of its diameter X 0.5236. 

XI. The Solidity of a Spheroid is | of the solidity of a Cylin- 
der the diameter of whose bctse is equal to the ficed axis of the 
describing ellipse, and whose altitude is equal to the revolving 
axis of the ellipse. * 

tt^ The demonstrations of the preceding propositions depend 
on principles of Greometry, and cannot be presented in this 
work. 
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Surfaces and Solidities of Regular Polyedrons uhose 

Edges are Unity. 



WAMXS. , 

Tetraedron 

Uexaedron 

Octaedron .*. 

Dodecaedron 

looFaedron 



SORFACVS. 



1.732051 
6.000000 
3.464102 
20 645729 
8.660254 



■OUDITIES. 



0.117851 
l.OOOOOO 
47I%04 
7.663119 
2.181695 



EXERCISE S 

In the Mensuration of Solids. 

1. Find the convex surface, and the solidity, of a right trian- 
gular prism the sides of whose hase are 20, 30, and 40 feet, and 
whose altitude is 12 feet. Ans. 1080 sq.ft. and 3485.676' cu.ft. 

2. Find the solidity of a prism whose altitude is 9 feet, and 
base a regular pentagon of 20 feet in perimeter, and also of a 
cylinder of the same altitude, and whose base is 4 feet in 
diameter. Ans. 247.748' cu.ft.; and 113.097' cu.ft. 

3. Find the convex surface of a right pyramid whose slant 
height is 5 feet, and base a square whose side is 3 feet j and 
also of a right cone of the same slant altitude, and whose base 
has a radius of 3 feet. Ans. 30 sq.ft.} and 47.123' sq.ft. 

4. Find #he solidity of a pyramid whose base is a regular 
hexagon 30 feet in perimeter, and also of cone whose base is 30 
in circumference — allowing each of the two solids to be 10 feet 
in altitude. Ans. 216.506' cu.ft.; and 238.7Vcu./f. 

5. Find the convex surface of a frustum of a right pyramid 
whose bases are equilateral triangles of 12 and 9 feet, respect- 
ively, in perimeters, and its slant height 10 feet: — also the 
solidity of a frustum of a cone of altitude 4 feet, and bases 5 
and 2 feet, respectively, in radius. 

Ans. \05 sq.ft.; and 163.362' cu.ft. 

6. Find the surface, and also the solidity, of a regular octae- 
dron whose edges are each 1 .5 feet. 

Ans. 7.794^ sq* ft.; and 1.59' cu.ft. 

7 Find the surface, aiid also the solidity, of a sphere whose 
circumference is 13 feet and 10 inches. 

Ans. 60.906' sq. ft. ; and 44.684' «u. ft. 
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8. Find the solidity of the oblate^ aiid also of the prolatey 
spheroid which would be described by the revolutions of an 
ellipse whose axes are 3 and 4 feel, respectively. 

^715. 18.849* cu.ft.'j and 25.132' cu,fL 

9. If the radius of a right cylinder's base be ik ft., what 
must thetaltitude be, to make the convex surface 25 square feet? 
and what will be the solidity ? 

The convex surface -:- the circumference of the base, will be 
the altitude. Ans. 2.652 ft, j and 18.745' cu.ft. 

10. If the radius of the base of a right cone be 2 feet, and the 
convex surface 20 square feet, what is the slant height of the 
cone?. and also its solidity? 

The slant height of the cone will be the hypothenuse of a right 
angled triangle, — - the radius of the base one of the perpendicu- 
lar sidesj — and the altitude of the cone the remaining side. 

Ans. 3.\S2' ft.; and 10.36' cu.ft. 

11. How many gallons of wine could be put into a vat, which 
is in form a frustum of a square pyramid,— each side of the 
larger end being 5 ft., each one of the smaller 3i ft., and the 
depth 4 feet? (^ 179) ' Ans. 546.077' gal 

12. A cistern whose form is a frustum of a right cone, has its 
diameter at the top 12/f., at the bottom 9 /^, and its depth is 
10 /#. How many barrels of water will the cistern #ontain ? 

Ans. 112.29' bar. 

13. The diameter of a legal Winchester bushel is 18d inches, 
and its depth is 8 inches. What is the diameter of that bushel 
whose depth is 7 inches ? Ans. 19.777' m. 

14. A cubic foot of brass is to be drawn into wire -^j^ of an 
inch in diameter. W^hat will be the length of the wire, allow- 
ing no waste in the metal ? Ans. 31.252' miles. 

15: A gentleman has a bowling-green, 500 feet in length, and 
300 feet in breadth, which he wishes to raise 1 foot higher, by 
means of the earth to be dug out of a ditch with which he in- 
tends to surround it. What must be the depth of the ditch, if 
its breadth be everywhere 9 feet? Ans. 10.187^ ft: 
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Solidity of a Wedge and Prismoid. 
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i 415* A wedge is a solid included between a rectanghlar 
base, twp triangular ends, and two parellelograins or trapezoids 
which meet in a vertical edgg parallel to the base. 





^^B 



ABCD is the base of the wedge ; ADE and BCF are the tri- 
angular ends; and ABFE and CDEF two parallelograms or 
trapezoids meeting in the vertical edge EF parallel to the base. 
When the two faces AF and CE are parallelograms, the wedge 
becomes a triangular prism^ having the two. triangular ends for 
its bases. 

The altitude of a Wedge is the perpendicular distance from 
its vertical edge to the base, or .the plane of the base produced. 

• 

To find the Solidity of a Wedge, — Add the length of the edge 
to twice that side of the base which is parallel to the edge ; mul- 
tiply the sum by the product of that side of the base which is 
not parallel to the edge into J of the altitude of the Wedge. 

§ 416* A rectangular prismoid is a solid included between 
two parallel redangidar bases, and four trapezoids which are its 
lateral faces. 

GHIK and LMOP are the two rectangular bases ;-^ihQ lateral 
faces KLj GM, HO, and OK are trapezoids. 

To find the Solidity of a Rectangular Prismoid, — Multiply 
the sum of^the two parallel sides of one of the trapezoidal faces 
by the sum of the two parallel sides of one of the contiguous 
trapezoidal faces ; to the product add the areas of the two rect' 
angular faces- and multiply the sum thus found by ^ of the 
altitude of the Prismoid. 

For example, suppose that in the Prismoid above represented, 
GH=10; Hr=6 ; LM=8; M0=5; and the altitude =9. 

The Solidity ia- 
((10-f8)X(6-f4)+10X6-|-8X5)x|«s(l80-f-100)Xj=4^. 
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16. What is the solidity of a wedge whose hase is 2 feet in 
length, and 11 inches in breadth, the altitude being \ft. 9tn., 
and its vertical edge, which is parallel to the longer side of the 
base, 17 inches. 

These dimensions must, all be used in the same denomination. 

Ans. 1.448' cu. ft. 

17. What is the solidity of a rectangular prismoid which 
measures 13 inches by 10 inches at one end, — the parallel 
dimensions at the other end being 12 and 15 inches, and tiie 
length 14 feet? Ans. 15.15' cu.ft. 

18. A solid is bounded by a rectangular base which measures 
19 by 37 inches, two triangular, and two trapezoidal faces 
meeting in an Qdig<^ 15 inches long, Zh feet from the base, and 
parallel to the shorter side of the base. How many cubic feet 
does it contain ? Ans. 7.943^ cu.ft. 

19. An embankment of earth is 13 feet in height; 100 feet 
long, and 40 wide at the base; and 105 feet long, and 30 wide 
at the top. How many cubic yards does it contain ? 

Ans. 1724.77' cu. yd. 

20. An abutment of masonry is 53i feet long, and 31 feet 
wide at the base; 40 long, and 15.6 wide at the topj and its 
altitude is 23 feet. How many perches does it contain, — 24} 
cubic feet making & perch, in stone- work? 

Ans. 102S.26^ perches. 

21. Find the entire surface, and also the solidity, of a rectan- 
gular parallelopipedon whose base is 3i by 2 feet, and its alti- 
tude 2 /t. 9in. Ans. 44.25 sq.ft.} and 19.25 cu.ft. 

22. What must be the length, breadth, or height of a cube, 
that its entire surface may be 1350. square feet? and what will 
be the solidity of the same cube ? Ans. 15 ft.', and 3375 cu.ft. 

23. What must be the length of each edge of a regular tetra- 
odron, that its entire surface may be 1 200 square feet ? 

Ans. 26.321' /f. 

24. Find the number of square miles on the surface of the 
Earth, on the supposition that the earth is a sphere of 7912 
miiles in diameter. Ans. 196662729.75' sq. m. 

25. A marble pillar, which is in form a frustum of a right 
oone^ is 8 /^ 6 in- in diameter at one end, I ft. 9 in. bX the 
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other, and 6 ft. in length: what is the solidity of the greatest 
square prism that could be cut out of it ? 

The base of the prism would be a square inscribed in the 
smaller base of the frustum. The diameter of this base will be 
a diagonal of the square^ and half the square of the diameter 
will be the area of the inscribed square. Arts. 7.65' cu- ft. 

26. What is the solidity of the greatest square prism that 
could be sawn out of a log of wood whose diameter at the larger 
end is 3^/f., at the smaller 1|/^, and whose length is 20 feet? 

Ans. 30.625' cu.ft. 

27. Find the solidity of the largest frustum of a square pyra- 
mid that could be hewn out of a frustum of a right cone, whose 
bases are 30 and 20 inches, respectively, in diameter, and whose 
altitude is 44 feet. Ans. 9.89' cu.ft. 

28. A piece of timber is in the form of a square right prism, 
each side of whose base is 1 ft. 6 in., and its altitude or length 
is 10 feet: what is the solidity of the greatest cylinder that 
could be cut out of it? Ans. 17.67 V cu.ft. 

29. Find the number of cubic feet in a beam whose ends are 
rectangles; the length and breadth of the greater being 32 and 
20 inches; the length and breadth of the less 16 and 8 inches; 
and the length of the beam 25' feet. Ans. 61 J cu.ft. 

30. What is the solidity of the largest frustum of a cone that 
might be cut out of a frustum of a square right pyramid, the 
side of whose greater base is 25 inches, and of the less 16 inches 
-^the altitude being 3i feet? Ans. 7.568' cu.ft. 

31. A wail of stone surrounding a prison is in the form of a 
hollow square ; the perimeter on the outside is 1000 feet, the 
thickness of the wall 3 feet, and the height 15 feet. How many 
perches does the wall contain? Ans. 1796.36' pchs. 

32. A conical pile of wood measures 434 feet in circumfer- 
ence at the base, and the slant height is 12 feet. How many 
cords does it contain ? Ans. 3.843' cords. 

33. The dimensions of a certain receptacle are as follows : at 
the top, the length is 804 and the breadth 56 inches ; at the 
bottom, the length is 41 4, and the breadth 32 inches; and the 
perpendicular depth is 47 inches, how many bushels will it con- 
tain? Ans. 60.36' bu. 

34. The true figure of the Earth is that of an oblate spheroid^ 
its diameter at the poles being about 7898.9 miles, and at the 
equator 7925.3 miles ; how many cubic miles does it contain? 

Ans. 259,323,316,083.66' cm. m. 
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GrAUOING OP CaSKS. 

$ 417* The Gauging of a Cask consists in determining its 
capacity in gallons from its dimensions in inchfis. 

Casks are usually regarded as of four varieties^ according to 
their different degrees of curvature^ from end to end. These 
different forms, beginning with that which has the least curva- 
ture, are represented by the following figures. 






{418. The Capacity of a Cask may be computed as that of 
a cylinder of equal length, and having a base whose diameter is 
some quantity intermediate between the end and middle diame- 
ters of the cask. This intermediate diameter is called the mear^ 
diameter of the cask. 

To find the mean diameter of a Cask, — Add to the end di 
ameter the product which arises from multiplying the difference 
between the eiid and middle diameters by .55, .60. .65, or .70, 
according as the Cask is of the 1st, 2d, 3d, or 4th degree of cur- 
vature. Then 

To find the capacity of the Cask in gallons, — Multiply the 
square of the mean diameter in inche^^ by the length of the cask 
in inches; multiply the product thus found by .0028, to find the 
number of gallons in Beer Measure ; or multiply the same pro- 
duct by .0034, to find the number of gallons in Wine Measure. 

EXAMPLE. 

• 

To find the Capacity of a Cask of the .2d variety, whose 
length is 40 inches, diameter at each end 24 inches, and at the 
middle 32 inches. 

The mean diameter is 24+.6X(32—24)=24-f. 6X8=28,8; 
then 28.8X28.8X40X.0028= 92.89 gal. in Beer Measure; 
and 28.8X28.8X40X.0034=112.80 gal. in Wine Measure. 
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K^ The square of the meem diameter of the Cask, multi- 
plied by .7854, which- is the area of a Circle whose diameter is 
1, — would be the area of the base of the equivalent cylinder. 
This area multiplied by the length of the Cask, would give the 
Capacity in cubic «72<;^5, --which might be reduced to beer or 
wine gallons by dividing by 282, or 231, (^ 167). 

Instead, however, of using the multiplier .7854, and the divi 
sor 282 or 231, we abbreviate the calculation by using the rdul- 
tiplier .0028, which is equal to .7854-^282, or the multiplier 
.0034, equal to .7854-^231. 

ITP^ It is only a near approximation to the true capacity of 
a Cask that can be obtained by arithmetical computation; in- 
asmuch as from want of conformity in the curvature of the 
staves to regular geometrical figures, the subject does not admit 
of being treated in a strictly scientific manner. 



Tonnage or Ships. 

§ 419* The Tonnage of a Ship is the number of tons burden 
that the ship will carry. This is equal to the weight of water 
which the §hip displaces in sinking from the ^^light water-marW 
to the '' load water -mark ;^^ and would be found by dividing the 
number of cubic feet contained in so much of the Ship's hull as 
is included between these two water lines or marks by 35, the 
number of cubic feet of sea- water required to weigh one ton. 

But this method of computing the Tonnage, with entire accu- 
racy, is impracticable, from the want of agreement in figure be- 
tween the Ship's hull and any of the solids of Geometry. 

It is therefore only an approximative measurement that can 
be obtained ; and as Government usually imposes a duty or tax 
on the capacity or tonnage of Merchant Ships, so the Rule for 
computing the toimage, with this end in view, is prescribed 
by Law. 

At the same time, the Carpenter who builds the ship, esti- 
mates its cost according to the amount of tonnage found by a 
different Rule. 

Rule adopted by the Government of the U. S. for 
computing the Tonnage of Ships. 

1. When the ship is double-decked. — From the length between 
the fore part of the main stem and the after part of the sterna 
postj above the upper deck, subtract J of the greatest breadth 
above the main wales ; multiply the remainder by the breadth, 
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and the product by | of the breadth, — all mfeet^ — and divide 
the last product by 95. 

2. When the Ship is single-decked. — Proceed as above with 
the exception of using the depth from the under side of the decks^ 
plank to the ceiling of the hold, as a multiplier, instead of ^ the 
breadth. 

Carpenter's Rule for the Tonnage of Ships, 

Multiply together the length of the keel, the breadth at the 
main beam, and, in a double decker, ^ of the breadth, but, in a 
single decker, the depth of the hold, — all in feet,-^and divide the 
product by 95. 

EXAMPLE. 

To find the Government Tonnage of a double-decked ship 
whose length is 80 feet, and breadth 24 feet. 

(80— 24Xf)X24X24Xf 

■■ ■ ■ ■ ■■■ ■■■■■■ I mm»m» ■ I ■ 

95 
(80^14.4)X24X12 18892.8 

^^ ne —" rt" —198.9 • 

95 9o 
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EXCHANGE. 

} 430* Exchange, in Commerce, is a transaction by which a 
debt is paid to a person at a distance, without the transmission 
of money. 

This is effected by means of a 

Bill of Exchange. 

{ 421. A BUI of Exchange is an open letter frdm one person, 
the drawer^ to another, the drawee^ requesting the payment of a 
certain sum to a third person, the payee, or to his order. 

The payee becomes an endorser of the Bill by writing his 
name across the back of it. This is called a blank endorsement, 
and the bill being put into circulation, becomes payable to the 
bearer. If he endorse that payment shall be made to a particu- 
lar person, that person is the endorsee, and may himself endorse 
the bill in the same manner as the first endorser ; and a bill may^ 
obtain any number of successive endorsers. 

The drawee becomes the acceptor of the Bill, and binds him- 
self to pay it as requested, when, upon its being presented to 
him, he writes the word ^' accepted'^ and his name across the 
face of the bill. 

A Bill of Exchange is said to be negotiated when, being made 
payable to a person named, or to his order, it may by the en- 
dorsement of the payee, become payable to any holder of the 
bii]^' and thus be put into circulation in the same manner as the 
bills of a Bank. 

In this way Bills of Exchange become, to a great extent, the 
Money of Commerce. 
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Example in Exchange, 

Suppose that John Smith of Louisville is indebted to James 
Brown of New- York, and Thomas Jones of New-York to Wil- 
liam Nelson of Louisville ; and that payment is to be made by 
each debtor to his creditor, to the amount of $500. 

John Smith pays this sum to tt'illiam Nelson for a bill on 
Thomas Jones, which reads as follows : 

$500. Louisville, Aug. 1, 1851. 

Thirty days after date^ pay to John Smithy or his order j Five 
hundred dollars, with or without further advice. 

William Nelson. 
To Thomas Jones, Esq. 

Merchant, New-York, 

John Smith writes on the back of this bill, " Pay to James 
Brown, or order," subscribes his name, and sends the bill to 
James Brown. The latter presents it to Thomas Jones, who, 
agreeing to pay as requested, writes ^^ Accepted " and his name 
across the face of the bill. 

This Bill, either with or without tJie acceptance of the drawee, 
Thomas Jones, might pass by endorsement through di0(^rent 
hands, answering the purposes of money to its successive holders^ 
until, becoming due, it is presented to the drawee for payment. 

Inland and Foreign Bills, 

i 422. An inland Bill of Exchange is one of which the 
drawer and drawee both reside in the same country. Such bills 
are usually called drafts^ — or, checks when made on a Bank in 
whicli the drawer has funds deposited. 

§ 423* A foreign Bill of Exchange is one of which the 
drawer and drawee reside in different countries, or under dif- 
ferent State Governments. 

According to this definition, a Bill drawn in any one of our 
States on a person residing in any other one, and thus made 
payable in the other State, is a foreign Bill. {Jones^ Legal 
Science.) 

4 494* A Set o/ jBiCcAarige consists usually of three Bills of 
the same import, called respectively the first, second, and third 
of Exchange, which, to provide against miscarriage, are sent 
by different conveyances. They virtually form but one bill, and 
'vehen either of them is received, and accepted or paidy the others 
are void. 
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Laws and Customs respecting Bills of Exchange. 

4 425. The drawer^ and all the endorsers of a Bill of Ex- 
change, (with the exception hereafter made.) are liable for its 
amount to the holder of the Bill, if the drawee fail to pay it at 
maturity. But to bind them to this liability they must receive 
due notice of such failure. This notice, given in writing by an 
officer styled a Notary^ at the instance of the holder, is called a 
protest of the bill, and will be for non-acceptance or else for ?M)n- 
payment. A protest for non-ctcceptance binds the drawer for the 
immediate payment of the Bill, even though it should not have 
reached its maturity. 

§ 4d6« The exception to the endorsers' being liable for the 
amount of the Bill, is the case in which an endorsement has been 
made *' without recourse j'^ or at the risk of the endorsee. A* per- 
son so qualifying his endorsement is exempt from all liability 
to pay the bill. 

i 427* When the time in which a Bill will mature is given 
in months^ Calendar months are always to be understood, with- 
out regard to the number of days ; and it is to be observed that 
the day on which the bill is dated is liot included in reckoning 
the time. 

Thus a Bill dated on the 28th of January, payable one mortth 
after date, will mature on the 28th of February. If dated on 
the 29th, 30th, or 31st of January, it would mature on the la>st 
day of February. 

§ 42§. Days of grace are, in this country and Great Britain, 
3 days allowed for payment, beyond the time for which the Bill 
is drawn. 

A Bill payable on demand, or without any time of payment 
expressed, should be presented within a reasonable time after re- 
ceipt, and is payable on presentment, without days of grace. 
Also a Bill which is made payable on a fixed day. as the 20th 
of November, is not entitled to days of grace. It is not fully 
settled, though the weight of authority is in favor of them, that 
Bills payable at sight are entitled to days of grace. 

i 429* When the last day of grace allowed for the payment 
of a Bill, is Sunday, or a public holiday, such as the 4th of July, 
the bill must be paid on the preceding day. 

Remark. Promissory Notes may be negotiated, that is, passed, 
for value receivedj from one holder to another in the same mau« 
ner, and subject to the same Laws and Customs, as Bills of Ex 
change. 
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Far bf 'Exchange, 

§ 430. The Tar of Exchange between two countries is the 
value of a given amount of the currency of the one, as expressed 
in the currency of the other ; and this is either an intrinsic^ a 
legalj or a commercial value. 

The intrinsic par of exchange depends on the amount of pure 
gold or siiver in the coins compared : the legal par is the value 
assigned to the foreign currency by law ; the commercial par is 
the rate at which one currency will, at any time, exchange for 
the other, with money-brokers. 

For example, the intrinsic value of the English Sovereign, or 
Pound Sterling, is $4,861, this being the value of the pure gold 
it contains, as compared with the United States Eagle of $10. 

♦ The legal value of the Sovereign, or the amount for which it 
is receivable by law jn the Custom Houses of this country, is 
$4.84. 

The commercial value of the Sovereign varies from $4.86 to 
$4.83, according as, from any cause^ this species of currency is 
in greater or less demand at the time. 

Relative Value of Gold and Silver in Different Countries. 

§ 431* The relative value of gold and silver in any country, 
is ascertained from the proportional amount of pure gold and 
silver in its principal coins, — ^taking these coins of the value, 
weighty and purity, prescribed by the laws of that country. 

Thus in the United States the Eagle is required to weigh 258 
grains, — ^ of it to be pure gold, and -^ alloy. 

The Dollar is required to weigh 412i grains, — ^^ of it to be 
pure silver, and ^V 8.11oy. 

The Eagle then contains 258 X. 9=232. 2 gr. of gold; 
and the Dollar " 412.5X.9=371.25 gr. of silver. 

And since 1 Eagle is equivalent to 10 Dollars, 
232.2 gr, of gold are equivalent to 3712.5 gr. of silver. 

3712.5^232.2=15.988\ 

The value of gold in the United States, is therefore 15,988' 
times that of an equal weight of silver. In other words, their 
relative value is as 15.988' to 1.—- In the comparison of coins the 
alloy which they contain is considered of no value. 
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The relative value of gold and silver is not the same in all 
countries. Thus, as found above, 

In the United States it is as 15.988' to 1 ; 
In England " 14.28' to i; 

In France " 15.5' to 1 ; 

In Spain " 16.0 to 1 ; 

In China " 14.25 to 1. 

The relative valuation of these metals is sometimes changed 
in the same country. This occurred in the U. S. in 1834, as 
will he seen in $ 435. 

} 432* The difference in the relative value of gold and silver 
in different countries, causes the one or the other of these metals 
to he employed in the payment of foreign debts — when the cir- 
cumstances of trade require the transmission of money — accord- 
ing as the one or the other will be increased in value in the 
country to which it is sent. 

Thus in England, France, or China, silver is, relatively to 
gold, more valuable than in the United States. Silver, rather 
than gold, will therefore be sent from ike U. S. to those coun- 
tries. 

Course of Exchange, 

^ 433* The Course of Exchange between two countries, is 
the variable price paid in the one for Bills of exchange payable 
in the other. 

The transmission of a Bill of exchange to a distant place, es- 
pecially to a foreign country, is less expensive and hazardous 
than of gold or silver. When, therefore, a person has a pay 
ment to make at any distant place, he will generally find it ad- 
vantageous to purchase a Bill upon some one residing there, and 
send this Bill to the person to whom his payment is to be made. 

In this way Bills of Exchange between two places come to be 
in greater or less demand in the one or the other, and their price, 
like that of any other article, will, to a limited extent, vary with 
the demand, 

§ 434* Exchange between two countries will be at -par when 
the debits and credits between them balance each other — a4>o^e 
par in the country which owes a balance of debt to the other, and 
below par in the country to which a balance of debt is dye from 
the other. 
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between any two piaces, as New- York and London, are equal, — 
that is, when New- York owes London just as much as London 
owes New- York, — the debtors in the two places will exchange 
liabilities with each otiier; a N. York creditor, for example, 
draws a Bill on his London debtor, payable to a N.York debtor, 
which the latter endorses to his London creditor ; and by trans- 
actions of this kind the indebtedness of each place to the other 
is discharged by exchanges at the commercial par. 

If New- York owe a balance of debt to London, there will be a 
competition in N. York for Bills on London, each debtor wishing 
to avoid the necessity of sending gold or silver to London, and 
Bills on London will sell above par. At the same time, there 
being a greater amount to be drawn for by London on N. York, 
than will be needed in the way of exchange, there will be a 
con' petition in London in the sale of Bills on N. York; and this 
will cause them to fall below par. 

The limit to the premium which can be obtained on Bills of 
Exchange, is the expense that would attend the transmission of 
gold or silver to the place on which the Bills are drawn. For, 
rather than pay a higher premium, the debtor will transmit the 
precious metals. 

Exchange between the U. S, and England. 

^ 435* To understand the present course of Exchange be- 
tween the United States and England, we must advert to a 
change which has been produced in the relative value of the 
Pound Sterling, by an alteration in the standard U. S. Eagle. 

By the standard first adopted the Eagle ^as to weigh 270 gr.s 
ff of it to be pure gold^ and i^ alloy ; and its value was $10. 

By Act of Congress, taking effect August 1st, 1834, the pre- 
sent standard was introduced. By this the weight of this coin 
was diminished 12 gr, and its proportion of alloy increased from 
fV ^ tV? while its value still remained $10. 

r 

The relative value of gold, in the United States, was thus en- 
hanced; the old Eagle came to be worth $10.66i ; and the Eng- 
lish Pound sterling, from being worth 6i(( $4.44| in our currency, 
was enhanced, intrinsically, to $4,861. 
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We thus pecclre that tlie legal value, $4.84, of the Pound 
sterling, aeoorcUng to the new vaiuati^n of gold in this eotintry, 
i» about 9 ^t cent, above the oU far of $4.444' ; 

84.444' X1.09s=$4.844'. 

Now it has happened that the old value of the Pound has been 
retained as the basis of Exchange with England, and its present 
exchangeable value is expressed in the form of a premium on the 
former value. 

Hence when it is said that Bills of exchange on England, sell 
at a- premium of 9 per cent., it must be understood that the Pound 
sterling is reckoned at $4,444', and that the exchange is really 
near the intrinsic par. Consequently, English Bills will be 
above or below par, according as they bring a premium above or 
below 9 per cent. 

United States and France. 

^ 4S6« In France accounts are kept in francs 9.nd e^n^inus. 
100 centimes=\ franc=l8.6 cents in the U. S. ,; 

This is the legal and current value of the franc in this country, 
and gives 5.37' francs, or 5 francs 37 centimes^ nearly, to the 
dollar. 

100-M8.6=5.37'. 

Such is therefore thejpar of exchange between the U. S. And 
France. 

United States and Hamburg, 

^ 437* At Hamburg accounts are kept in marcs^ schillings^ 
pfeningSj &c. ; and money is there distinguished into banco or 
Bank money, and current money. Bank money is transferred 
from one owner to another, on the books of the Bank, without 
being drawn out; and bears a premium of 18 to 25 per cent, or 
current money. This premium is called the agio. 

1 2pfenings=l schilling ; 1 6 schil.^=X mare bancott=35 cts. ia U. B. 

Note. For the par of Exchange between the United Statee 
and other countries, reference must be liad to Tables prepared 
expressly on this subject. Such Tables, should it be lound de^ 
sirable, will be appended to this work ] it is supposed, however, 
that persons needing them will prefer other authorities than a 
School Arithmetic. 
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Aebit&ation of Exchange. 

i 43§* Arbitration of Exchange oonsists in computing the 
Exchange between two countries through the medium of ex- 
changes between these two and one or more other countries. 

This will be illustrated by the following 

XXAMPLE. 

A merchant in New- York has to pay £100 in London, and 
Bills on London are at a premium of 10 per cent. The exchange 
with Paris is 5.4 francs to the dollar, and with Hamburg 35 
cents per marc banco. At the same time the exchange between 
Paris and London is 25.8 francs per £, and between Hamburg 
and London 13.5 marcs banco per £. It is required to deter- 
mine what sum will pay the £100. 

With London. — £1 in Exchange is $4,444'. 
Adding $0,444' for the premium of 10 per cent; 
£1=$4.888; hence £100=$488.8. 

Through Parw.— Arranging the terms in a Conjoined PropoT' 
tion, we have, (§ 238, ^ 23d,) 

$1=5.4 /rflnw, 
25.8/r.=;£l, 

£l00=Aot^ many $? 
Ans. (lX2o.8X100)H-{5.4Xl)=$477.77'. 

Through Hamburg. — Arranging the terms in this case also in 
a Conjoined Proportion, we have 

$0.35=1 marc J 
13.5 m.=£l, 
£lOO=how many $? 
Ans. (.35X13.5X100)~(1X1)=$472.5. 

We thus find that a direct exchange with London will require 
$488.8' ', an exchange through Paris $477.77' ; and an exchange 
through Hamburg $472.5. 

By the same method of Conjoined Proportion an Exchange 
may be arbitrated between two countries through two or more 
intervening countries; and Ihus the most advaniageous medium 
through which to make a fcreign payment may be ascertained. 

The«e transactions, it will be understood, are effected by Bills 
of Exchange between the different places ; and require that the 
person so arbitrating exchanges should have, in the intermediate 
places, Correspondents or Agents to assist him. 
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Mathematical Probability, and its ApPLiCATioir to 
Life Annuities and Life Insurance. 

Contingent Events, 

} 439* A contingent event, in the mathematieal sense, is one 
among a number of similar events, some only of which will cer* 
tainly occur, while it is impossible to assign any reason why 
any one of them should occur rather than any other. 

Mathematical Probability, 

§ 440. The Probability of a contingent event, is expressed 
by the ratio of the number of chances favorable to its occurrence 
to the whole number of chances favorable and unfavorable to 
the same event. 

examflcs. 

Suppose that one person is to be taken by lot from among ^/Ive 
persons, A, B, C, D, E. The Probability that any particular 
one, as A, will be taken, is one-Jifih] since each person has one 
chance in jive. 

If two persons were to be taken, by lot, from among the ^ve, 
the Probability that A would be one of those two would be two* 
fifths J since he would then have two chances in five, 

i 441. The Sum of all the Probabilities arising out of the 
same trial of favorable and unfavorable chances, amountu to 
UitiTT; and unity is therefore the expression for certainty. 

Thus in the preceding Example, there is a Probability of | 
for each of the five persons from among whom one is to be taken. 
The sum of all the probabilities in the case is therefore 

And since it is certain that the lot will fall on some one of 
the ftve, the sum of all these probabilities amounts to a certainty , 
which is therefore expressed by umty. 
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f 44d« The Improbability of an event, in other words, the 
probability of the nori'Occurrence of the event, is expressed by 
uiriTT minus the probalnlity of the same event. 

If 1 ticket is to be drawn from among 7 tickets, of which 3 
are prizes and 4 are blanks^ the Probability that a fHze will be 
drawn is ^, since there are 3 chances in seven^ in favor of a prize. 

The Probability that a blank will be drawn is If, which is 
equal to tiie improbability that a prize will be drawn ; and 

Observe that the probability of a prize + the probability of a 
blank, is unity, since it is eertain that either a prize or a blank 
will be drawn. 

The Probability and the Improbability of the same event, may 
be regarded as opposite probabilities the sum of which is unity. 

Combined Frohahilities. 

i 443* The Probability of one, indifferently, of two or more 
contingent events, is equal to the sum of the separate probabili' 
ties of the same events. 

XXAMPLHS. 

If one person is to be taken by lot ont of a company of 9 per- 
Bcms, the Probability that some one of any three that might be 
named, will be taken, is 

It is plain that, as the three together have 3 chances in ninCy 
if these three chances be given to one person, that one will have 
3 ehanees in 9, which is a probability of J or ^. 

4 444* Tlie Probability of the concurrence of two or more 
ewnts^ is equal to the product of the separate probabilities of the 
same events, and in like manner for imprdbcMities, 

If 2 tickets are to be drawn from among 9 tickets, of whi<^ 4 
are j^izes, and 5 are blanksy the Probability that a prize will be 
obtained at the first drawing is J; and, as 3 prizes would then 
remain among 8 tickets, the probability that a prize would be 
obtained at the second drawing is §. 

Then the Probability that 2 prizes would be obtained at two 
drawings^ is 

4v» — 13 I 



Each of tke 9 tickets in the first drawing might be combined 
with each of the 8 in the second — ^which produces 9X8=72 
chances or different combinations of 2 tickets. Each of the 4 
prizes in the first might combine with each of the 3 which would 
remain for the second drawing— on the supposition of a prize 
having been drawn at first, — and thus there would be 4X3=12 
chances favorable to the drawing of two prizes^ (§ 440.) 

§ 445. The Probability of the -first of two events, or — if the 
first fail — of the second event, is equal to the probability of the 
first plus the probability of the second multiplied into the inu 
probability of tke first . 

If one person is to be taken by lot from amon^ five persons, A, 
B, C, &c., and another from among six other persons, F, G, H, 
&c.. then the probability that the lot will fall on A, in the first 
case, or — if not on A — that it will fall on F. in the second 
case, is 

The J in this compound expression, is the probability that A 
will be taken out of the first company, and ^Xf is the probabil- 
ity that F will be taken out of the second, but not A out of tke 
first, (J 444.) The compound probability in question is the sum 
of these separate probabilities, (} 443.) 

Relative Probabilities. 

^ 446« The relative Probabilities of two contingent events, 
are expressed by the ratios of the probability of each to the sum 
of the probabilities of the tw^o events. 

EXAMPLi:. 

Let the probability that A will be allotted from one company 
be I, and the probability that B will be allotted from another 
xsompany be J. 

The sum of these probabilities is J+i=T:y, which is the prob- 
ability that one of the two, A and B, will be the subject of the 
allotment, (§ 443) ; and the object now is to determiiiie what part 
of this combined probability is assignable to eaoh. 

By Partitive Proportion, J+J : J : : 1 : | ; 

and, Hi: i:: 1^1; « 229.) (§ 224.) 
Hence, f of the combined probability is assignable to A, and 
I of it to B. In other words, it is more probable that the lot 
will fall (n A than on B in the ratio of | to |, or of 5 to 3. - 
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Contingent Value of a Sum of Money. 

i 44T. Whftn the payment of a Sum of money depends on the 
occurrence of a contingent event, the Value of the sum at risk is 
equal to the amount of that sum multiplied into the probability 
of the event, 

EXAMPLE. 

Suppose that 1 ticket is to be drawn from among 10 tickets, 
of which 2 are prizes of $100 each, and the rest are blanks. 

The probability that the ticket to be drawn will be a prize is 
^ or ^j since there are 2 chances in 10 in favor of a prize. 

The certainty of drawing a prize would be worth $100; J of 
this certainty, that is, a probability of J of drawing a prize, is 
therefore worth 

$100Xj=$20. 

Thus the Value of the sum at risk, is equal to the amount of 
that sum multiplied into the probability of the event on which 
it depends. 

On this Example some further remarks will be appropriate. — 

A ticket in this lottery would be worth $20 ; and this value 
arises from an equivalence between opposite probabilities. The 
purchaser might lose $20, the probability of which is |; but he 
might gain $80, the probability of which is |; and these sums 
are equivalent when estimated according to the probability 
which attaches to eachj 

$20Xf=$80X|. 

There would be no rational inducement, therefore, to purchase 
a ticket at $20, any more than there would be to give $20 for 
$20. At less than 20 dollars, the purchase of a ticket would 
be & prudent pecuniary speculation; at more than 20, it would 
be an imprudent one. 

Contingent events, in the long run, conform to the laws of pro- 
bability. Hence a continued speculation in such a, lottery as 
this, at less than $20 for a ticket, would produce a gain, — ^but 
at more than $20,-^would produce a loss^ to the speculator. 
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tt^ The preceding propositions on Mathematical Probability, 
or the " Doctrine of Chances," are preliminary to a very brief 
exposition which we propose to make of the principles of Itife 
Annuities and Life Insurance, 



LIFE ANNUITIES. " 

§ 44§. A Life Annuity is a sum of money to be paid annu' 
ally during the life of a person, called the Annuitant, but the 
payment is to cease at his death. 

A Life Annuity, under the name of a Pension, is sometimes 
granted to an individual on account of past services to the coun- 
try ; and is sometimes purchased from a Company by the pre- 
sent payment of an equitable sum of money. 

A Temporary Life Annuity is one which is limited to a given 
number of years, but is liable to fail at any time by the death 
of the Annuitant, or person on the continuance of whose life its 
payment depends. 

Present Value of a Life Annuity. 

J 449* The Present Value of a Life Annuity is estimated ac- 
cording to the probabilities of the annuitant's living one, two, 
three, &c., ^/car^.-^continiied to the utmost extent of life, or 
through the periodby which the Annuity, if a temporary one, is 
limited. 

The Probabilities that a person of any given age, will live 
one, two, three, &c., years, are obtained from an observed rate 
of mortality. 

The following Table commences with 10.000 persons at birth, 
and shows the number who die, and the number who survive, 
for each year until all are dead. 

This Table was formed from the registers of births and 
deaths in the city of Carlise, (Rngland.) between the years 
1779 and 1787. Its- accuracy has been confirmed by observa- 
tions at various other places, and by the experience of the old- 
est Life Annuity and Insurance Companies. Hence it is gene« 
rally used by such Companies. 
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0/ mortality based upon observations at Carlisu^shotving 
tJie rate of extinction of 10,000 lives. 
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65 


87 
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64 


18 
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43 


53 
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68 


88 


232 


51 


19 
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43 


54 


4143 


70 


89 


181 


39 


20 
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43 


55 
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73 


90 


142 


37 


21 


6047 


42 


56 


4000 


76 


91 


105 


30 


22 


6005 


42 


57 


3924 


82 


92 


75 


21 


23 


5963 


42 


58 


3842 


93 


93 


54 


14 


24 


5921 


42 


59 


3749 


106 


94 


40 


10 


25 


5879 


43 


60 


3643 


122 


95 


30 


7 


26 


5836 


43 


61 


3521 


126 


96 


23 


5 


27 


5793 


45 


62 


3395 


127 


97 


18 


4 


28 


5748 


50 


63 


3268 


125 


98 


14 


3 


29 


5698 


56 


64 


3143 


125 


99, 


11 


2 


30 


5642 


57 


65 


3018 


124 


100 


9 


2 


31 


5585 


57 


66 


2894 


123 


101 


7 


2 


32 


5528 


56 


67- 


2771 


•123 


102 


5 


2 


33 


5472 


55 


68 


2648 


123 


103 


3 


2 


34 


5417 


55 


69 


2525 


124 


104 


1 


1 
1 — 1 
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i 4M« The Probability — according to the preOeding Table of 
Mortality — ^that a person of any given age, will live to any de- 
signated higher age, is expressed by the ratio of the number who 
attain the higher to the number who attain the given age. 

For example, suppose it were required to express the proba- 
bility that a person who is 30 years old, will attain the age of 60. 

From the Table we find that of 5642 persons who att-ain the 
age of 30, but 3643 attain the age of 60. 
The probability in question is therefore the ratio 

EXAMPLE. 

In the Calculation of Life Annuities, 

4 451* If we had the value of an annuity of $1 on a life at 
any given age, this value multiplied by any other annuity would 
produce the value of that annuity on the same life. 

Let it be required then to calculate the Present Value of an 
Annuity of $1 on the life of a person at the age of 100, — on the 
supposition that money will produce 5 per cent, at compound 
interest. 

If the Annuitant live 1 year, $1 will be paid at the end of the 
year. ^ 

The present value of $1 payable in 1 year, is 
$l-r-1.05=.95238'. (359 . . .2,) 

But there is only a probability of ^ that he will live 1 year, 
(§ 450) ; the present value of the 1st payment on the annuity — 
subject to the contingency of its failure from the decease of the 
Annuitant — is therefore 
' i of .95238'=.74074'. (§ 447). 

If the Annuitant live 2 years, $1 will be paid at the end of 
the 2 years. 

The present value of $1 payable in 2 years, is 

.$l-rl.l025=.90702\ 

The probability that he will live 2 years, is ^; hence the 
present value of the 2d payment — subject to the contingency of 
its failure-^is 

i of .90702=.50390'. 

The present value of $1 payable in 3 years, is 

Sl-rl.l5762'=.86383'. 

The probability that the 3d payment will b6»received being f, 
the value of that payment is 

J of .86383^=.28794\ 
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The preMnt valae of $1 payable in 4 yean, is 

$l-rl.2155=.82270'. 

The probability that the 4th payment will be received, being 
^, the value of that payment is 

i of .82270=09141. 

There could be no more payments on this Annuity, according 
to our Table of Mortality ; hence the entire Present Value of 
the annuity is, 

$0.74074+.50390-f.28794+.09l41=$1.62399. 

Having found the value of an Annuity of $1 on any given 
life, we may compute its value on all younger lives^ and thus 
prepare a Table of Life Annuities, according to the following 
principle. • 

i 4U(3« The Present Value of an Annuity of $1 on any given 
life, is equa] to (the value of an annuity of $1 on a life 1 year 
older +1) X the present value of $1 payable in 1 year, X the 
frobdbility that the given life will continue 1 year. 

£ X A MIp L £ . 

To find the present value of an Annuity of Si on a life at the 
age of 99, its value on a life at 100 having already been found 
•to be $1.62399'. The required value is 

($1.62399+1 )X. 95238 Xyy=$2.04466^ 
To demonstrate the correctness of this principle, we remark. 

First, $1.62399 multiplied by .95238, the present value of 
$1 payable in I year, will produce the present value of the 
value $1.62399 of annuity after the age of 100. iBut the value 
thus obtained would depend on the Annuitants living 1 year, 
the probability of which is i^. Hence, multiplying again by fy, 
we find the present value of the annuity estimated from the age 
c/ 100 onwards. 

Secondly. The 1 X.95238 is the present value of $1 payable 
in 1 year, and this multiplied by the probability -pj^ of the An- 
nuitant's living 1 year, produces the present value of the annuity 
from, the age of 99 to that of 100. 

Thirdly. The sum of the present values of the annuity for the 
two periods into ^hich its duration is divided, as .above, is the 
entire present value of the annuity; and this sum results from 
the operation, , 
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From the value of an Annuity on a life of 99, may be found, 
in like manner, its value on a life of 98 ; and so on. In this 
way has been computed the following 

TABLE 
^Showing the Present Value of an Annuity qf%\, at 4 or 
5 per cent., compou?id interest, — on a Single Life, ac- 
cording to the Carlisle Table of Mortality. 
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16.271 


37 


\5M% 


13.843 
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16.494 
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16.316 
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12.869 
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20 


18.363 


15.817; 


53 


11.945 
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tiO 


11.300 
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64 
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97 


2.492 
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32 
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14.506 


65 
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98 
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2.278 


33 


16.390 


14.387 


66 


8.010 


7.5031 


99 


2.087 


2.045 
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Annuities on Joint Lives, 
i 453. The Present Value of an Annuity -which depends on 
the continuance of both of two lives, is estimated according to 
the probahilities that both lives will continue one, two, three, 
&c., years ; and in like manner for an annuity which depends on 
three or more lire's. 

EXAMPLE. 

/ Let it be required to calculate the Present Value of an An- 
nuity of $1, which depends on the continuance of two lives, one 
at the age of 90 and the other at the age of 95, — at 5 per cent., 
Compound Interest. 

If both lives continue 1 year, $1 will be paid at the end of 
the year. 

The present value of $1 payable in 1 year, is ♦ 

$1-7-1 .05=:.95238'. 

The probability that the first life will continue 1 year, is -fjf, 
({ 450) ; and the probability that the second will continue 1 
year is f J ; then the probfitbility that both lives will continue 1 
year is 

mxU, (H44). 

The present value, therefore of the 1st payment on the an- 
nuity, — subject to the contingency of its failure from the decease 
of one or both of the lives, is 

$0.95238 X|J| X§5=$0.5399' . 

In the same way we might calculate the present values of 
the ^d, 3d, &c., payments, to the number of nine, which would 
bring the older life to the limit of mortality, when the annuity 
would necessarily cease. 

The sum of all these present values would be the entire pre- 
sent value of the annuity. 

Survivorship, or an Annuity on the Survivor of tioo 

or more Lives. 

§ 454. The Present Value of an Annuity which depends on 
the continuance of either of two lives, is estimated according to 
the improbabilities that both lives will fail before the end of 
one, two, three. &c., years ; and in like manner for an annuity 
which depends on a survivorship among three or more lives. 

EXAMPLE. 

Let it be required to calculate the Present Value of an An- 
nuity of $1, which is to continue so long as either of two lives, 
one at the age of 90, and the other at the age of 95, shall sur- 
vire. 
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if either of the two liven eontinue 1 year, $1 will be paid at 
the end of the year. 

^ The present valae of $1 payable in 1 year, is 

$l-rl.05=:.95238'. 

The improbability that the first life will continue to i;he end 
of the year, or the probability that it will fail before the end of 
the year, is 1— yflj (^ 442) ; and the probability that the second 
will fail before the end of the year, is 1 — 1| ; then the probabi- 
lity that both will fail before, the end of the year, is 

(l-4J|)X(l-f§), (H44). « 

Consequently the Improbability that both the lives will fail 
oeibre the end of the year, is 

l-{l-fll)X(l-f?), (§442). • 
Now this improbability is the same as the probability that the 
first payment on the annuity will be realized. 

Hence .95238' multiplied by said probability, will produce 
the present value of the first payment on the Annuity. 

In like manner we might compute the present values of the 
2d, 3d, &c., payments, to the number of nine^ — when the older 
life must be dropped, and the Annuity thenceforth be considered 
with reference to the probabilities of the younger life's continu* 
ing tothe same limit of mortality. 

LIFE INSURANCE. 

i 4M* LuE Insurance is an obligation assumed, usually by 
an Incorporated Company, in consideration of a premium ad' 
vancedy to pay on the decease of the person on whose life the In- 
surance is efiected, a certain sum to the one for whose benefit it 
is efiected. 

The Insurance may embrace the whole life, or be limited to a 
given number of years. In the latter case the obligation of the 
Company will not exist, unless the life insured shall fail within 
the given number of years. 

The Premium for insurance is usually in the form of an 
annua/ payment,' — ^the first payment being in advance; and its 
proportional amount is computed with reference to, 

1. The Expectation of Xt/« remaining to the insured, — by 
which is meant the average number of years of life which re- 
main to him, according to an ascertained rate of mortality; 
and 

2. The rate of Interest or profit at which the premiums paid 
may be augmented — to defray the expenses, meet the obliga- 
tions, and secure the just interests of th^ Insurance Company* 
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Expectation of Life. 

k 456* The Expectation of life at any given age, is equal to 
the sum of the probahilities that the persen will live over one?, 
two^ three, &c., years, increased by h. 

EXAMPLS. 

To compute the Expectation of Life of a person at the age of 
100. 

According to the Carlisle Table of Mortality, of 9 persons at 
the age of 100, only 7 live through the 1st succeeding year. 

With respect, to the 1st year, therefore, the 9 persons have an 
expectation, in the aggre°[ate, of 7 years of life, which gives to 
each J of a year ; and } is the probability that any one of the 9 
will live 1 year, (§450). 

Again ; of the same 9 persons, but 5 live through the 2d 
year. Hence with respect to the 2d year, the 9 have an expec- 
tation of 5 years of life, which gives to each one of them | of a 
year ; and | is the probability that any one of the 9 will live 2 
years. 

In like manner it will be found that each one of the 9 persons 
has an expectation of J for the 3d, and of ^ for the 4th year. 

In the 5th year the last of the 9 persons dies ; and if the pro- 
babilities in the case were only that the several lives would fail 
at the terminations of the successive years, we should have for 
the Expectation of Life of a person at the age of 100, the sum 
of the partial expectations found above ; viz. 

But any one of the lives may fail in the course of any one of 
the five years ; and the probability that'it will fail in the course 
of one of thenij if it do' not at the termination of a year, amounts 
to a certainty. And since the probabilities of the life's failing 
are the same for every time in the year, we must suppose it to 
fail at the middle of the year. This supposition adds ^ of a 
year to the Expectation found above. 

We have then for the whole Expectation of Life at the age of 
100, 

}+l+HRi=ri=2.277' years. 

In this vsy may be readily computed the following 
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Showing the Expectation of Life, according to the Car^ 

lisle Table of Moi'tality. 
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Rate of Interest to b6 assumed in Life Insurance. 

i 456. The Rate at which the Interest of money may be es- 
timated for the periods of time embraced by the transactions of 
Life Insaranoe, cannot be certainly determined. 

According to the preceding Table, a person at the age of 21, 
has an expectation of living 40.75 years. The premium which 
he should contract to pay annually to insure a certain sum, say 
Si 000, to be paid at his decease, would depend on the rate of 
interest or profit at which that premium might be invested, 
during the 40^75 years. This cannot be certainly foreseen. 



The higher the rate of interest assumed, the lower will the 
computeil premium be. If the assumed rate of interest should 
not be realized in the future ezperienee of the Compsny, tiio 
premiums would fail to produce the means of paying the sums 
insured; and the Company would thus become insolvent. 

In £ngland, where the legal rate of interest is 5 per cent, it 
is considered unsafe to transact life insurance at more than 3 or 
4 per cent, interest ; in the United States, where money brings 
a higher profit, the rate assumed might probably be 5 per cent. 

Present Valtce of a Sum insured on a Given Life, 

i 45T. The Present Value of $1, and thence of any other 
sum, insured on a given life^ will be found by subtracting the 
present value of an Annuity of $ I on the same life from the 
present value oi ^ perpetuity of $1, and dividing the remainder 
by a unit + the value of the perpetuity. 

EXAMPLE. 

To find the Present Value of $1 payable at the end of the 
year in which a person now 50 years of age may die,-^allowing 
interest at 5 per cent. 

The present value of an Annuity of $1 on the given life, is 

$11.66. 

The present value of a Perpetuity, or perpetual annuity, of $1. 
is 

$1~.05=$20, (J 367). 

Then the present value of $1 to be paid at the end of the 
year in which the given life may fail, is v 

S20— 11.66 $8.34 ^ 

=s -s $0.397143. 

1+20 21 ^"•^^'^*^- 

Ta demonstrate the correctness of this principle, we remark. 

First. The present value of the Annuity ^btracted from the 
present value of the Perpetuity, leaves the present value $8.34 
of a perpetuity of%\^ commenting with ihe payment of$l at^ 
end of the year in which the life m£iy faU, 

Secondly. The divisor 1+20 is the present value of a perpt* 
tuity of $1, commencing with the present payrMnt of $1. 

Thirdly. The ratio between the present values of these two 
p ^petuitiesy must bo tjie same as the ratio between the present 
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value of one doll at payable at the end of the year in which the 
life may fail and one dollar. - 

Hence the quotient foand, which is the value of thisr ratio, i^ 
the present value of Si payable as supposed. 

The Present value Of $100 payable as in the ExamDle 
would be 

.397143X100=S39.7143; 

of $1000, $397,143, and so on. 

Premiums in Life Insurance. 

§ 4M. The Annual Premium which, irrespective of either 
expense or profit to the Insurer, should be given for a Sum to be 
paid on the failing of a given life, — is equal to the present value 
of that sum, divided by a unit -f' the present value of an An^ 
nuity of $1 on the same life. 

EXAMPLE. 

To find the annual Premium which, irrespective of expense 
or profit to the insurg^j^ould be given for $1000 to be paid at 
the decease of a personHow 50 years of age, — allowing interest 
at b per cent. 

The present value of $1000 payable at the end of the year in 
which the given life may fail, as has been already found, (§ 457) 
is 

$397,143. 

The Premiums after the first being payable in one, two, three^ 
&c., years, their present value is the same as the present value 
of an equal Annuity on the life of the person. 

The present value of an Annuity of $1 on the life of a person 
at the age of 50, is $11.66 ; and the present value of an annuity 
equal to the aimual Premium, is therefore equal to 

$11. 66 X the Premium. 

By adding the first Premium to the present value of the sue* 
ceeding ones, we shall have the present value of all the pre^ 
minmSj which is equal to the present value of the sum insured. 

Hence, the Tremium -f tlie Premium X11.66=$397.U3; 

or, the Premium X(l-f n.66)=$397.143; 
which gives the Premium =$397.1 43-f-12.66=$3 1.369. 
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Insurance on Joint Lives. 

f 459. In a joint insurance on two 4ives, the obligation of 
the Insurer is, to pay the sum insured on the decease of that life 
which fails the first of the two. 

The Present Value of the Sum insured in this case, would be 
found from an Annuity on the joint continuance of the two lives, 
{i 453), in the same manner as for an insurance on a single life, 
(\ 457) ; and from this Present Value the annual Premium may 
be computed as for a single life. 

Temporary Life Insurance. 

i 460. In a temporary Life Insurance, the obligation of the 
Insurer is, to pay the Sum insured on the failing of the given 
life, provided it shall fail within the period comprehended by the 
insurance. 

The* Present Value of a temporary Life Insurance may be 
found froift that of an insurance on the whole life — as in the 
following 

EXAMPLE. 

To find the Present Value of $1000 to be paid on the decease 
of a person now 50 years of age. provided he shall die within 5 
years, — allowing interest at 5 per cent. 

The present value of $1000 insured on the whole of the given 
life, as heretofore found, is 

$397,143. 

The present value of $1000 insured on a life which is now 
55 years old, found^ccording to the same method, (^ 457), is 

$459,666. 

$1000 insured on the whole of the given life would therefore 
be worth $459,666, at the end of the 5 years. The present 
vahie of this sum is 

$459.666-T-1.27628=$360.161. (} 359....2) 

The Probability that the given life will survive 5 years is 
{^u (h 4^0), and therefore the present value of $1000 insured 
on the whole of the given life, if that life survive 5 years, is 

$360,161 Xf5J^=$327.642. 

Then the, Present Value of $1000 to be paid on the decease of 
the given life, if that life fail within 5 years, must be 

$397.143— $327.642=:$69.501. 
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i 461. The Annual Premium, irriespectiya of expense or profit 
to the Insurer, which . should be paid for a temporary Life 
Insurance, may be found by dividing the present value of the 
Sum insured by a unit -{• the present value of an Annuity of $1 
on the given life for one year less than the period of in- 
surance. 

Thus, to recur to the preceding Example, observe that the 
first Premium must be paid immediately, and that the four re- 
maining premiums are equal to a temporary annuity of the same 
amount for 4 years. 

The value of an Annuity of $1 on the given life 4 years 
hence, that is, at the age of 54, will be 

$10,624. 

The present value of this sum payable at the end of 4 years, 
is 

$10.624—1. 2155=$8.74. 

The Probability that the given life "will survive 4 ypars is 
m^ ; ^^^ iience the present value of the Annuit^i^ subject to 
the contingency of its continuing 4 years, is 

$8.74XJ}J?=$8.235. 

The present value of an Annuity of SI on the whole of the 
given life, is $11.66; consequently the value of the temporary 
annuity on the given life for 4 years, ia 

$11.66— $8.235=$3.425. 

The Annual Premium is then the present value of the Sum 
insured, as found in the preceding Example, divided by l-f3.'425, 
that is 

$69.501-r4.425=$15.706. 



Different allowances for expenses, and profits on Capital em- 
ployed, will be made by different Insurance Companies, and 
hence will arise differences in their rates oi premiums for in- 
surance. 

Blutual Insurance. 

^ 462. In Mutual Life Insurance, the Funds of the Company 
consist whoUy or chiefly of the Premiums paid ; and any sur- 
plus which remains after paying expenses, and Uie losses^ that 
is, the sums due on the decease of lives insured j — is distributed 
from time to time among the policy holders. By this method 
no injustice will result to the insured from excessive premiums. 

The following are believed to be the lowest rate< th t have 
yet been adopted in Mutual Life Insurance. 



AfVSKfilX. 



TABLE 

Of the Rates of Insurance charged by the ^ Kentucky 
Mktual Life Insurance Company,^* 

Annual pay ment for Insurance upon $100. 



For Life. 



Age. Premium. 



14 


$1.20 


15 


1.23 


16 


1.20 


17 


1.29 


18 


1.32 


19 


1.35 


20 ' 


1.38 


21 


1.42 


22 


1.46 


23 


1.51 


24 


1.57 


25 


1.62 


26 


^ 1.63 
* 1.73 


27 


28 


1.79 


29 


1.85 


30 


1.90 


31 


1.96 


32 


2.01 


33 


207 


34 


2.13 


35 


2.19 


30 


2 27 


37 


235 


38 


2 44 


«9 


2 53 


40 


263 


41 


2.73 


42 


2.83 


43 


2.93 


44 


3 03 


45 


. 314 


46 


3.26 


47 


3.40 


48 


3.54 


49 


3.69 


50 


3.85 


51 


4.03 


52 


4 22 


53 


4.43 


54 


4.64 


55 


4.96 


56 


520 


57 


5.60 


53 


6.00 


59 


6 40 


60 


6 75 



For F 


'ive Years. 


Age. 


Premium. 


14 


$0.58 


15 


0.60 


16 


0:62 


17 


0.64 


18 


0.66 


19 


0.68 


20 


0.70 


21 


72 


22 


0.74 


23 


76 


21 


0.78 


25 


0.80 


26 


0.83 


27 


oes 


23 


0.93 


29 


0.98 


30 


1.00 


31 


1.04 


32 


1.06 


33 


1 08 


34 


1.10 


35 


1.12 


36 


1.15 


37 


1.18 


38 


1.21 


39 


124 


40 


1.27 


41 


1.30 


42 


1.33 


43 


1.36 


44 


1.39 


45 


1.42 


46 


1.43 


47 


1.48 


48 


1.51 


49 


1.54 


50 


157 


51 


1.6r> 


52 


1 eo 


53 


2.00 


54 


2.30 


55 


2 GO 


66 


2 90 


57 


3.20 


5? 


3.50 


59 


3.80 


60 


4 iO 



For One Year. 


Age. 


Premium. 


14 


$0 50 


•15 


53 


16 


0.58 


17 


0.59 


18 


0.62 


19 


61 


20 


66 


21 


068 


22 


0.70 


23 


0.72 


24 


0.74 


25 


0.76 


26 


0.73 


27 


* 0.81 


23 


0.84 


29 


0.87 


30 


0.90 


31 


0.92 


32 


0.94 


a3 


96 


31 


098 


35 


1.00 


36 


1.02 


37 


1.07 


38 


1.12 


39 


1 17 


40 


1.22 


41 


127 


42 


1.30 


43 


l..i2 


44 


1.34 


45 


1.36 


46 


1.33 


47 


140 


48 


1.44 


49 


148 


50 


1.52 


51 


1.56 


52 


1.60 


53 


1.65 


54 


1.75 


55 


1.85 


56 


305 


57 


2.25 


58 


2.55 


59 


2.90 
3.25 


60 



I 



The rates of Premium are in the same propottion for larger 
amounts. 






s. 



y 



i 
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